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PREFACE 



This manual, a preliminary edition, presents the 
operation and use of the IBM 7750 Programmed 
Transmission Control. It provides a reference and 
guide for those familiar with the 7750 and serves 
as an instructional aid in the training ofoperators 
and programmers. 

The 7750 Reference Manual contains four sections: 
Introduction, Detailed Description, Channel Adapt- 
ers, and Communication System Design. 

Section I introduces the 7750. It tells what the 
7750 is, the computers that it can operate with, 
and how it functions in a TELE-PROCESSING system, 

Section II describes the 7750 functionally. This 
section covers in detail such areas as registers, 
timing, instructions, priority processing, and so 
on . 

Section III explains the type of adapters used by 
the 7750 to communicate with the various termi- 
nals ofaTELE-PROCESSING system. The de- 
scription and operation of each type of adapter 
is presented . 

Section IV tells the philosophy behind the design 
of the 7750, its flexibility, and its limitations. 
Tables are provides to show how various channel 
configurations are possible and practical . 
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INTRODUCTION 



GENERAL INFORMATION 

The IBM 7750 Programmed Transmission Control is a TELE-PROCESSING system 
component that links a central computer with remote terminals. Tele-communications 
equipment such as telegraph terminals, IBM 65/66 Telegraph Data Transceivers, or 
IBM 7701 Magnetic Tape Transmission Terminals may be connected to the 7750 through 
appropriate channel adapters. On the other end, the 7750 is connected to an IBM Data 
Processing System through a data channel. The 7750 thus enables computer users to 
combine data processing capabilities with the transmission capacity of many telecom- 
munication devices (Figure 1). 

The 7750 is a stored program imit that serves as a buffer control device, directing 
and controlling the flow of information between the computer and its communication 
network. This communication network may have a variety of standard or specially 
designed terminals, each operating independently but linked directly to the system. 
The terminals may have different transmission speeds. The 7750 accepts electrical 
signals simultaneously from a number of communication lines, converts these signals 
into bits, then into characters, then into records and, finally, relays these records at 
high speed to the computer for processing. 

In most uses, the prime function of the 7750 is to connect the diverse elements of the 
communication network to an associated computer such as the IBM 1410, 7040, 7044, 
7070, 7074, 7080, 7090, or 7094. TELE-PROCESSING systems using the 7750 may be 
employed for airline reservations, message routing, centralized data processing, pro- 
duction control, or other applications. The system planner can choose the computer and 
be assured tliat the communication problem will not be a significant factor in determining 
his choice. 

lilt: 1 Hi JjXj — IT XW^V' lliOOXiN Vjr C3^ O bCAXi »a^J/\:>llV*U \JiL \^LL^^ v\^ J. iiXA**"a. kj v*»-#v«, ..***v** ***« — w* «* 

7750 is installed, and the traffic volumes of the customer. 

Within a TELE-PROCESSING system, the 7750 performs five basic functions: 

Data Assembly ( and Distribution) proceed automatically with only occasional super- 
vision from the stored program. Data assembly begins with the derivation of bits from 
the incoming communication circuit by the channel adapter. The process continues to 
the point where characters are assembled into complete data messages in the process 
storage section of the 7750. 

Information Conversion from or to the form required by the computer may include 
changes to both the code and format of the message. Conversion is controlled by the 
7750 stored program. 

Editing involves omitting and adding special characters — and, sometimes, format 
changes — under program control. 
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Monitoring and Supervision checks incoming (or outgoing) traffic to indicate the status 
of terminals and oversees the data flow in a network. The stored program controls 
these functions. 

Data Transfer supplies data to and accepts data from the computer, on a demand 
and response basis, through linkage connecting the 7750 and the computer. 



GENERAL ORGANIZATION 

The 7750 is made of five standard IBM racks. An optional sixth rack is used for low 
speed relay connection to telegraph lines. 

1. Communications Line Terminator Rack 

The major function of this rack is to aid the customer in isolating troubles in his com- 
munications network. The rack contains patch panels, signal generation circuitry, and 
equipment to aid in the running of diagnostic programs in the 7750. 

2. Channel Adajiter Rack 

Tliis rack is designed to hold different types of Channel Adapters, and different combi- 
nations of these types. The Channel Adapters perform a variety of functions such as 
time multiplexing a number of low speed communications channels into one high speed 
output, and recovering bit timings from synchronous data. The design of this rack is 
modular, to match different types of communications networks. 

3. Process Control Rack 

This rack contains the registers and the instruction control circuitry of the 7750. All 
processing is controlled by this rack. 

4. Core Storage Rack 

This rack contains two magnetic core memories, called Process Storage and Control 
Storage. Process Storage is available in three different sizes, 4,096, 8,192, and 
16, 384 words at 48 bits per word. Control Storage contains 128 words, 48 bits per 
word. The data and address registers for these storages are in the Process Control 
Rack. 

5. Power Supply Rack 

The Power Supply Rack contains all the power supplies necessary to run the 7750. 

The IBM 7750 is organized around two magnetic core storages. Control Storage is 
used to control the communications network and to assist in the execution of the programs. 
This memory contains 128 words, 48 bits per word of storage. Process Storage is used 
to hold the message queues, and the programs. Process Storage may be one of three 
sizes; either 16, 384 words, 48 bits per word; 8, 192 words, 48 bits per word; or 4, 096 
words, 48 bits per word. The size of Process Storage is chosen to fit particular job 
applications. All important functions of the 7750 are performed in and around these 
memoi'ies. 
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COMMUNICATIONS TERMINOLOGY 

The following communications terms are defined to clarify the explanation of 7750 
operation. 

Half Duplex — A half duplex communications channel is one in which information 
can be transmitted in either direction, but only one direction of transmission may be 
employed at any one time. 

Full Duplex -- A full duplex communication channel is one in which information can 
be transmitted in both directions simultaneously. In actual practice, full duplex chan- 
nels are often made of two half duplex channels. 

Start - Stop Transmission — In this method of transmission the data bits are pre- 
ceded by a start bit, and are followed by one or more stop bits. The total number of 
stop bits is not necessarily an integer. The purpose of this method is to allow the 
receiving terminal to stay in synchronization with the transmitting terminal. The start 
and stop bits are the synchronizing information, and thus the receiver is resynchro- 
nized by each character. This method of transmission is used by normal telegraph 
machines. 

Synchronous Transmission — In this method of transmission, the receiving terminal 
is initially synchronized with the transmitting terminal by the receipt of special syn- 
chronizing information, (bit pattern) and then the transmission of data begins. While 
data is being transmitted, no special synchronizing information is needed. It is 
assummed that both terminals will stay in step for the duration of the transmission. 
At intervals, new synchronizing information will be transmitted. This may be done at 
the beginning of every message, or it may be done as infrequently as once a day. Syn- 
chronous transmission is generally used on high speed channels, since one of its main 
advantages is that it requires less bits than start-stop to transmit the same amount of 
information. For example, the IBM 7701 Magnetic Tape Terminal employs synchronous 
transmission. 

Sub-Set -- The word subset is an abbreviation for the words subscriber set. This is 
a modulation-demodulation device which accepts as an input binary-valued electrical 
signals, and gives as an output a modulated wave form, suitable for transmission over 
a communications channel. Conversely, the subset receives modulated wave forms 
from the communications channel and converts them into binary-valued electrical sig- 
nal outputs. 



ASSEMBLY OF CHARACTERS 

Messages from the communications network enter the 7750 via one of several types of 
channel adapters. These adapters perform a variety of functions. One type, the Low 
Speed Group, time multiplexes a number of low speed communications adapters into one 
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high speed information channel. It does this by a process of scanning and storing the 
results in a small core buffer. The high speed adapter (HSA2) receives its information 
from an FM subset or the 202 A or B subset. All adapters communicate with Control 
Storage by means of the Adapter Control Interface. 



Adapter Control Interface 

The Adapter Control Interface connects the channel adapters to the Control Storage 
Data register. This interface contains nineteen lines. Each adapter is connected in 
parallel to these nineteen lines, and a sixteen position scanner selects a particular 
adapter at a given time. In other words, all the adapters are on a bus system, with 
the scanner doing the selecting. The scanner is timed sequentially; there is no addres- 
sing of the scanner and no priority scan system employed. 

Three types of information are passed across the interface. They are: data, control 
information, and addresses. Data is transferred serially one bit at a time. Characters 
are not assembled in the adapters; they only acquire bits. Therefore, data is trans- 
ferred one bit at a time across this interface, together with control information telling 
when a new bit should be accepted. Address information is transferred from the adapters 
to Control Storage, each adapter having one or more Control Storage locations associated 
with it. The rest of the control lines perform such functions as indicating to an adapter 
whether it should be in sending or receive status, or indicating to Control Storage when 
some type of error has occurred in the adapters. All the lines in the Adapter Control 
Interface are controlled by a word in Control Storage, called the Channel Word. 



Channel Word 

The Control Stor^e operates on two different types of cycles alternately. These cycles 
are called Scan and Process cycles. The Process cycle is devoted to message processing 
and is discussed later. The Scan cycle is devoted to receiving bits from, or transmitting 
bits to tlie communications network. During Scan cycles, Channel Words are read from 
Control Storage. The address of this word is generated in the channel adapter selected 
by the sixteen position scanner in the Adapter Control Interface. There is at least one 
Channel Word per half-duplex communications channel connected to the 7750, and two 
Chaimel Words for each full duplex communications channel attached; one word for the 
receive portion of tlie full duplex channel, and one word for the transmit portion of the 
full duplex channel. These channel words completely control the action of the associated 
commimications channel. 

The Channel Word has three major functions: It serves as the assembly area in which 
bits are assembled into characters; it directs the assembled character into the proper 
queue, and it controls the communications channel. 

1. The assembly of bits into characters is done in one 11 bit field of the 48 bit Chan- 
nel Word. Character length may be any number of bits from one to eleven. As this 
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assembly field is a shift register, bits are accepted one at a time and shifted until a 
complete character has been received. During transmission, a complete character is 
put into the assembly area, and shifted out one bit at a time. Certain control fields are 
associated with the character assembly field. These are the Character Length and the 
Bit Count. The Character Length is a four bit field used to indicate the size of the 
character being received or transmitted over this particular communications channel. 
The Bit Count is a four bit field which may be used to indicate how many bits of a given 
character have been received or transmitted. The use of these fields differs somewhat 
in start-stop and synchronous transmission, and their exact usage is explained in the 
detailed description section. As an example, however, consider the reception of a 
synchronous transmission which uses six-bit characters. To do this the Character 
Length would be set to six by the program, and ttie Bit Count would advance every time 
a bit was received. Every time the Bit Count equalled the Character Length, a com- 
plete character had been received. Three fields, the character assembly field, the 
Character Length, and the Bit Count, working in conjunction with one another, allow 
the reception and transmission of variable character lengths, one bit at a time. 

2. When the character has been assembled, it must be directed into the proper queue 
in Process Storage. Another field in the Channel Word contains a 16 bit address which 
refers to Process Storage. The assembled character is stored at this location in Pro- 
cess Storage. Note that 16 bits are sufficient to refer to 65, 536 locations. Each word 

in Process Storage may be divided into four fields, and the address in the Channel Word 
is sufficient to specify any of them. When the character is complete, it is immediately 
put into Process Storage, regardless of what else may be going on in the machine. This 
process of transferring a complete character from the Channel Word to the Process 
Storage is called Character Interrupt, and is done automatically without program inter- 
vention. After a character has been transferred to Process Storage, the 16 bit address 
in the Channel Word is automatically incremented by one. When transmitting, the 
reverse procedure taJves place. Characters are transferred from Process Storage into 
the character assembly field of tine Channel Word, and the address in the Channel Word 
is incremented. 

3. The third function of the Channel Word is to control the communications channel. 

A number of bits in the Channel Word are used for this purpose. These bits perform such 
functions as indicating whether the channel is in send or receive status, whether the 
start-stop or synchronous mode of transmission is being used, whether the initial syn- 
chronization pattern has been found, or whether the channel should be searching for this 
pattern, and whetlier the 7750 is waiting for a response on this channel. The use of these 
bits in the Channel Word are further explained in the next section. 

By assigning these functions to the Channel Word, and by having at lease one Channel 
Word per communications channel, it is possible to have every communications channel 
operating in a different fashion, using different character lengths, and different methods 
of transmission, and yet maintain control over the channel by accessing the proper word. 
Only one control register is required, the Control Storage Data Register and it is time 
shared. Thus, the Channel Word concept provides an economical means of channel con- 
trol and of character assembly. 



Queue Formation 

When characters have been assembled in Channel Words, they are automatically trans- 
ferred into a queue in Process Storage. The formation and maintenance of these queues 
is one of the most important tasks performed by the 7750. A large portion of Process 
Storage may be occupied with such queues since there will be an incoming queue for 
every channel receiving information from a communication terminal, an outgoing queue 
for every channel transmitting information to a communication terminal, a queue of 
information for the computer, and a queue of information coming from the computer. 
If Process Storage is to be efficiently used, a good system for assigning queuing space 
must be used. 

Many methods of memory space assignment are possible. For example, a fixed block 
of storage can be assigned to each communications channel for its queuing space. This 
is a relatively inflexible and inefficient method of storage^location. Problems exist of 
overflowing the fixed amount of space, or of never using an appreciable fraction of the 
space. The problem is made more severe since message lengths are not restricted or 
in any way controlled. The 7750 assigns its memory space for queues by the process 
of chaining. 

Chaining consists of associating a sufficient number of pieces of memory space so 
that enough storage locations are available to perform a given job. For purposes of 
chaining. Process Storage is broken into pieces called blocks. Each block consists of 
8 words. Each word is broken into four fields of eleven bits each. Therefore, thirty- 
two characters may potentially be stored in each block. However, the thirty-second 
storage location in each block is reserved for a special character, called the Block 
Control Character. Each block has a starting address whose five low order bits are 
all ZERO'S, and since there are thirty-two characters per block, an ending address 
is one whose five low order bits are all ONES. 

The Block Control Character is the means by which the blocks are chained together. 
The Block Control Character is the 11 high order bits of the starting address of the 
next block in the chain. For example, four blocks can be arbitrarily labeled A, B, C, 
and D. Figure 2 shows these blocks with their starting addresses. Figure 3 shows 
tliese blocks chained together, the order of the chain being C-A - B-D, They are 
chained because the Block Control Character in block C is the eleven high order bits 
of tlie starting address of block A; tlie Block Control Character is block A in the eleven 
high order bits of the starting address at block B, and so on. By means of chaining, 
small pieces of storage have been effectively assembled into a larger portion of storage. 
Note that the blocks which make up the chain are not necessarily continuous in storage. 
These blocks may be physically located almost anywhere within Process Storage, but 
tliey act like a continuous segment of storage due to chaining. 

To malie this process work, a certain amount of bookkeeping is required. One 
method of doing this is as follows: First, chain together all the unused blocks of memory. 
Then maintain as records two addresses, Al, the starting address of the first empty 
block in tlie chain, and A2, the address of the Block Control Character in the last empty 
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block in the chain. Suppose that a message queue has filled its chain and that another 
block is required. Then the eleven high order bits of the starting address of the next 
block are put into the Block Control Character of the last block in the message queue, 
and the first empty block from the chain of empty blocks is attached to the message 
queue. Since this block is chained to the rest of the empty blocks, its Block Control 
Character is the starting address, A3, of the next empty block in the chain. Now A3 
should be stored in the location which formerly held Al, since A3 is now the starting 
address of the first block in the chain of empty blocks. Thus, the process can be 
repeated. 

When blocks become empty they must be returned to the chain of empty blocks. 
Suppose that A4 is the starting address of an empty block which is to be returned to the 
chain of empty blocks. A4 is then written at the address specified by A2. In other words, 
A4 is written as the Block Control Character of the last block in the chain of empty blocks 
The block whose starting address is A4 is now connected to the end of the chain of empty 
blocks. To complete the process, A5, the address of the Block Control Character of 
this block, is now written in the location at which A2 was stored. 

After both these operations have been completed, a block has been removed from the 
front of the chain of empty blocks, and a block has been added to the end of the chain of 
empty blocks, ajid the addresses A3, and A5 have been stored. These addresses are 
again the starting address of the first empty block in the chain of empty blocks, and the 
address of the Block Control Character of the last block in the chain of empty blocks. 

In the 7750, the chaining process is done under program control. When a particular 
channel requires more storage space for its queue, the Channel Service program is 
automatically brought into operation. The need for this program is sensed by noting 
when the five low order bits of the address contained in the channel word are all Ones. 
This indicates ihaX the end of a block has been reached and that Channel Service is neces- 
sary to assign a new block to the chain. Thus far, characters have been assembled, 
and put into queues in Process Storage. They will next be processed in some way before 
being sent on to tlie computer. 



MODE SYSTEM OF INTERRUPTS 

The 7750 works in an essentially uncontrolled environment. In many applications, the 
7750 cannot dictate -vhen messages will occur on the communications network, or what 
the length of these messages will be. Communications from the associated computer 
may take place at random intervals. For these reasons, the 7750 is equipped with a 
verj' flexible interrupt system, so that it may quickly and automatically switch from one 
program to another when various conditions require immediate attention. 

This interrupt system has several levels. An interrupt may interrupt an interrupt, 
and so on. Priorities are assigned to various classes of interrupts so that the machine 
can decide which interrupt to execute. There are six such classes of priorities in the 
7750, and these classes are called modes. These modes, listed in order of decreasing 
priority are: 
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1. 


Service 


2. 


Channel Service 


3. 


Copy 


4. 


Out 


5. 


In 


6. 


Normal 



At the end of every machine cycle, the mode circuitry is examined to determine 
what modes are requested. The machine will then go into the requested mode with the 
highest priority and execute the programs associated with that mode. Requests for a 
mode are stored in a particular register, called the Mode request Register. This 
register maintains the requests until they can be serviced. 

For example, assume the 7750 were in Normal Mode, and that some error detection 
circuitry turned on the Service Mode request, and during the same cycle the request 
for Channel Service Mode was turned on. The 7750 would then automatically start to 
execute the Service Mode programs, and when it had completed this program, it would 
switch into Channel Service Mode, and execute the Channel Service program. Finally, 
if no other mode requests had occurred, tlie 7750 would fall back into Normal Mode, and 
continue to execute the normal mode program from the point of the interruption. Note 
that a new mode may be requested eitlier by the program, or automatically by means of 
special hardware. 

Changes in mode can be made without any special preparation on the part of the pro- 
grammer. It is not necessary to write a number of housekeeping programs to change 
modes. Instead, the 7750 stores all working registers and the instruction counter at 
the end of every machine cycle. Instruction counters are stored in Control Storage in 
a special format called the Process Word, or P word. This word contains three working 
registers as well as the instruction counter. There is one P word for each mode. There- 
fore, to change modes it is only necessary to access a different P word in Control Storage. 
The instruction counter in this P word will then address the programs associated with the 
new mode. 



METHODS OF PROCESSING 

The 7750 processes messages in real time, in a wide variety of formats, character sizes, 
and codes. Methods of processing must be extremely flexible to meet the diverse re- 
quii-ements. Therefore, table look-up is the fundemental processing technique. 

Table look-up is used for many purposes in a typical 7750 program including Code 
translations. Any code of up to 11 bits per character may be readily translated into any 
other arbitrary code of up to 11 bits per character. All shifts are performed by using 
shift tables. There is no shift instruction. Arithmetic operations are performed by 
means of multiple table look-ups. Perhaps the most important use of this technique is 
to control the operation of the Normal Mode program. 
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As an example of how the program may be controlled by table look-up, consider a 
telegraph polling system in which five programs may be required. These programs 
are Polling, Sending Data, Answer Back, Header Processing, and Message Processing. 
Assume there are 20 telegraph channels connected to the 7750. Each channel will require 
these programs in unpredictable sequence. A technique for handling tliis situation re- 
quires the use of a Program Branching Table, and the assignment of a unique identifi- 
cation number, called a Channel Nvunber, to each communication channel. The 7750 
then uses the Channel Niunber to address the Program Branching Table. The Program 
Branching Table will then cause the program to branch to the proper one of the five 
programs. The last action any one of the programs performs is to update the relevent 
entry in the Program Branching Table so that the next time the Table is addressed by 
the Channel Number, the proper program will be selected. 

Table look-up operations can be programmed, due to certain features of the instruction 
set. These features are an address modification method, and a register and size speci- 
fication method. Each metliod is described below. 

The 7750 is a single address machine. In many instructions, this address can be 
modified by means of information specified in the instruction. Two fields in an instruction, 
the M field and the L field, specify this modification. The M field specifies a particular 
register, and the L field specifies from zero to eleven low order bits in that register. 
These bits then replace the L low order bits in the address before the instruction is exe- 
cuted. 

Consider as an example, an instruction containing the address (163245)8; with M speci- 
fying the Y register, and L equaling 5. Asstune the contents of the Y register to be (3732)8. 
The instruction would then be executed as though the address it contained were (163272)8; 
that is five low order bits of tlie Y register have replaced the five low order bits in the 
instruction. 

The register and size feature of the 7750 instruction set allows the results of many 
machine instructions to be placed in one of seven addressable registers. The particular 
register to be used may be selected by setting the proper bits in the R field of the instruc- 
tion. The niunber of bits which are to be loaded into the specified register may also be 
varied by setting the S field of the instruction. This feature allows the programmer to 
have the option of loading from zero to eleven bits into the specified register. 

The combined use of the register and size feature, and the address modification 
method allows a table look-up to be performed in one instruction, with the final result 
stored in a designated register. 

The instruction set contains other useful features. These features include the ability 
to perform most instructions with an indirect address; the ability to complement the 
operands in an instruction and the ability to increment the address of the Process Storage 
word address by the instruction. Indirect addressing, complementing, and incrementing 
may be done individually, or they may be done in combination when executing most 
instructions. 
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The instruction set makes message processing more efficient. The program operates 
upon characters and messages which have been automatically stored in the Process 
Storage. There will be one queue of data to be processed for each receiving communi- 
cations channel, and one queue of data to be processed from the computer. The program 
processes the contents of these queues, character by character, and places the results 
in other queues. Some of these queues will be transmitted back into the commimications 
network, and one queue will be transmitted to the computer. Thus information has been 
acquired from the communications network, processed, and is now in the format which 
tlie associated computer requires. 



INFORMATION TRANSFER 

The 7750 connects to a host computer by a read bus, a write bus, and a number of con- 
trol lines to the proper data channel. The 7750 can be connected to tlie IBM 1410, 7040, 
7044, 7070, 7074, 7080, 7090, and 7094 data processing systems. 

The 7750 operates in three modes to service the computer. These modes are In, Out, 
and Copy. The In mode is used to prepare the 7750 for receipt of information from the 
computer. The control lines are examined, and the proper responses are made. The 
In mode program prepares a block of storage for the incoming information and sets up 
the proper control word so that the 7750 can determine when all the information has 
been received from the computer. The Out mode is used to prepare the 7750 for the 
trajismission of information to the computer. Its mode program sets the proper signal 
to inform the computer that the 7750 has information to transmit. In addition, this mode 
program also prepares the queue of outgoing information, and sets up a control word so 
that the 7750 can determine when all information has been sent to the computer. 

The actual transfer of information takes place In Copy Mode, which has no program. 
Information is transferred one character at a time, using a demand and response system. 
The control words which were prepared in the In or Out modes terminate character 
transfer at tlie proper number. 
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DETAILED DESCRIPTION 

PROCESS STORAGE 

The IBM 7750 Process Storage is a magnetic core storage available in three sizes: 

4, 096 words 

8, 192 words 

16,384 words 

Each word contains 48 bits, including one parity bit. 

Process Storage Word Formats 

The contents of a word in Process Storage may be arranged in several ways, depending 
upon its intended use. Figure 4 shows the word format for Data Words, Instruction 
Words, and Limit Words. 

Data Word - DWD 

The Data Word is made up of four eleven-bit registers; A, occupying bit positions 
47 through 37; B, occupying bit positions 33 through 23; C, occupying bit positions 22 
through 12; and D, occupying bit positions 11 through 1. Bit positions 36 through 34 are 
not used. Bit position P is the parity bit for the entire word. 

Instruction Word - IWD 

The Instruction Word contains a ten-bit Operation Code in bit position 1 through 10, 
ail OP code parity bit in bit position 11, a two-bit Flag field in bit positions 12 and 13, 
a four-bit L field in bit positions 14 through 17, a three-bit M field in bit positions 18 
through 20, a four-bit S field in bit positions 23 through 26, a three-bit R field in bit 
positions 27 through 29, and a 16-bit Address in bit positions 32 through 47 (low order 
in position 32). Bit position P is a parity bit for the word, and bits 21, 22, 30, and 31 
are not used. 

Limit Word - LWD 

The Limit Word, shown in Figure 4, contains a 16-bit address in the normal Address 
portion of the word (W). The Address occupies bit positions 32 through 47 of the word. 
In addition, the woi'd contains a Limit of 16 bits which fills the C, and part of the B 
character fields. The five low order bits of the Limit occupy bit positions 23 through 
27 in tlie B character field. 
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CONTROL STORAGE 

The IBM 7750 Control Storage is a magnetic core storage with a capacity of 128 words. 
Each word has 48 bits, including one parity bit. 

The Control Storage operates on alternate Scan and Process cycles of 11 micro- 
seconds and 17 microseconds, respectively. The Scan cycle contains 3 microseconds 
for modification of the data word between read and write, and the Process cycle con- 
tains 11 microseconds modification time. The beginning of the Control Storage Scan 
cycle precedes the beginning of the Process Storage Instruction cycles by 6 micro- 
seconds. 

Data is entered into and out of the Control Storage by means of the Control Storage 
Data Register (CSDR). 



Control Storage Data Register 

The Control Storage Data Register is a 48-bit register which holds the word to be read 
out of, or to be written into storage. See Figure 4. The control circuits for this 
register provide the means to use it as: 

(1) a single 48-bit register. 

(2) four independent registers; X, Y, Z, (which are 11 bits), and an Instruction 

Counter (which is 14 bits). 

(3) three independent registers; Z (which is 11 bits), an Operational Address 
Register, and an Address of 16 bits each. 

The Z register is a coimt down counter which may be decremented under program 
control. 



Control Storage Word Formats 

The Control Storage Word will be arranged in three ways, depending upon its intended 
use. These word formats are described below. See Figure 4. 

Chaimel Word - CWD 

The Channel Word is di\ided into fields as indicated in the following table: 
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Field CSDR Position No. 

W - Word Address 47-34 

A - Character 33-32 

B - Last Timing 31 

C - Character Length 30-27 

D - Status-Micro 26-23 

E - Action 22-20 

F - Character Control 19-15 

G - Status-Macro 14-12 

H - Assembly/Distribution 11- 1 

P - Word Parity P 

Process Word - PWD 

For all modes except the Copy Mode, the Process Word will have one of the following 
interpretations: 



Field Name 


No. 


of Bits 


Position 


Instruction Counter 




14 
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or 

Instruction Coimter 14 47-34 
Operational Address 

Register 16 27-12 

Z 11 11- 1 

Word Parity 1 P 

The second interpretation is used only with the Address and Limit moving instructions. 
Copy Mode Process Word 

During the process cycle of the Copy Mode, the Control Storage Data Register is 
interpreted as follows: 



Field Name 


No. 


of Bits 


Position 


Address 
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REGISTERS 

Registers are temporary storage devices. The size of a register is determined by 
the number of bits of information it can hold. Its use is determined by the nature of 
information that goes into the register. For example, a data register temporarily 
stores data, an address register temporarily stores an address, an instruction regis- 
ter temporarily stores an instruction, and so on. 

From the programmer's point of view, registers may be divided into two general 
types: addressable and non-addressable. Addressable registers can be addressed by 
the stored program. That is, an addressable register may be loaded, set, or re- 
quested by the programmer. 

Non-addressable registers cannot be addressed by the stored program. They are 
sot and reset automatically at the proper time. Figure 5 shows the registersof the 7750. 



Non-Addressable Registers 

Instruction Register 

The Instruction Register is a 26-bit register which holds all of the instruction being 
executed, except the address. The first 10 bit positions contain the OP Code, the next 
two )Mt positions contain the Flag bits, tlie last 14 bits contain the R, S, M, and L fields. 

Mode Status Register 

The Mode Status Register is a 5-bit position register. Before the execution of each 
instruction, this register selects the bit associated with the highest priority mode from 
the priority requests contained in the Mode Request Register. At any one time, the Mode 
Status Register may contain only one bit (a logical One) to indicate the highest priority 
mode selected. If tliis register contains no logical One, the 7750 selects the Normal 
Mode. 

Process Storage Address Register #1 

The Process Storage Address Register #1 (PSAR #1) contains the current address 
for addressing the Process Storage. Address modification takes place as tiie address 
is set into tliis register from the Process Address Register #2 (PSAR #2). This 
register can hold 16 bits; fourteen bits are used to address the correct word in storage, 
ajid two bits are used to specify a particular character (0, 1, 2, or 3) within a four- 
character word. 

Process Storage Address Register #2 

The Process Storage Address Register #2 (PSAR #2) temporarily store a 16-bit address 
from tlie PSDR or CSDR. The address is transferred to the PSAR 1 when it is used to 
address tlie Process Storage. 
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Control Storage Address Register 

The Control Storage Address Register (CSAR) contains the current address for 
addressing a Channel Word or Process Word in Control Storage. 

Process Storage Data Register 

The Process Storage Data Register is a 48-bit register which holds the word read 
out from or to be written into Process Storage. This register can conform to any one 
of the three word formats in the Process Storage; namely, the Data Word format, the 
Process Word format, and the Instruction Word format. 

Control Storage Data Register 

The Control Storage Data Register is a 48-bit register which holds the word read out 
of or to be written into the Control Storage. This register can conform to any one of 
the four formats of the Control Storage; namely, the Channel Word format, the two 
Process Word formats and the Copy Mode Process Word format. 



Addressalile Registers 

Chaimel Service Register 

The Channel Service Register enables a channel requiring assignment of new storage 
space to identify itself to the Channel Service Program. This register has seven bit 
positions to hold the channel address. When Channel Service is obtained during a 
Character Interrupt or a Scan Cycle, the Channel Service Register is automatically 
set with tlie channel address. 

During the execution of Storage-to-Storage instructions while in the Channel Service 
Mode, the 7750 transfers tlie contents of the Channel Service Register to the Control 
Storage Address Register to address Control Storage. This transfer is automatically 
done on the Second Process Cycle of a two cycle instruction which refers to the Control 
Storage while tlie machine is in Channel Service Mode. 

Interface Data Register 

The Interface Data Register is a nine-bit position register {eight bits plus one parity 
bit) which enables the 7750 to communicate with a computer. This register may be 
automatically loaded or its content stored under program control. It may also be 
loaded or its content automatically stored when data is transferred to or from the 
associated computer. 
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Interface Control Register 

The Interface Control Register, an eight-bit register (Figure 6), controls the data 
flow between the IBM 7750 and the associated computer. This register may be loaded, 
its content stored or modified under program control. Most of these bits may be set 
or reset automatically when the 7750 is transferring data to or from the associated 
computer. 

Mode Request Register 

The Mode Request Register is a five-bit register which holds requests for priority 
program service (Figure 7). The 7750 requests a mode by setting the bit associated 
with that mode in tlie Mode Request Register to a logical One. A mode's priority depends 
on the position of its associated bit in the Mode Request Register, If more than one modes 
are requested in the Mode Request Register, the 7750 will always select the highest mode 
first. If no mode is requested in the Mode Request Register, the 7750 will execute the 
Normal Mode program. 



TIMING 

The basic machine cj^cle of the 7750 is 28 microseconds. Most 7750 instructions are 
one-cycle instructions. Two-cycle instructions, which require 56 microseconds for 
execution, are the insti'uctions used for indirect addressing, with the exception of branch 
indirect, and storage-to-storage data manipulations. 

For Control Storage operations, the basic machine cycle is divided into two storage 
cycles, scan and process, which are 11 microseconds and 17 microseconds long, 
respectively, Dui'ing 7750 operation, the Control Storage goes through alternate cycles 
during wMch it: 

1. Services one of the channels, assembling bits until a character has been accimiu- 
lated, or sending bits vtntil a complete character has been sent. 

2. Provides the operational registers for the process storage to execute the 
instructions. 

For Process Storage operations, the basic machine cycle is also divided into two 
cycles. These two cycles, the Instruction cycle and the Execute cycle, alternate and 
are 12 and 16 microseconds long, respectively. During an Instruction cycle, the 7750 
obtains an insti'uction; during the execute cycle, it executes the instruction. 

The Control Storage and the Process Storage cycles overlap, allowing the information 
of eitlier cj'cle of eitlier storage to influence the operation of the other. In one machine 
cycle the Process Storage goes through an Instruction cycle and an Execute cycle while 
tlie Control Storage goes through a Scan cycle and a Process Cycle. The Process cycle 
of tlie Control Storage, being 17 microseconds long, overlaps the Instruction and Exe- 
cute cycles of the Process Storage. 
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Clock Phases 

Thi 77 SO eloek is eompesed of a 28 stage ring driven at a one megacycle rate. The oleek 
cycles are divided Into six phases, as shown in Figure 8. Four phases are used for single 
cycle instructions, and all six are used for two-cycle instructions. During phase one, tiie 
7750 brings out an instruction from Process Storage, places it in the Instruction Register, 
and decodes it. During phase 2, the address contained in tlie Instruction Word is placed 
in PSAR #2. Later in phase two, if there is no address modification, the address in 
PSAR #2 is transferred to PSAR #1 to address tlie Process Storage at tlie beginning of the 
Execute Cycle. If there is address modification, the eleven low order bits of the address 
arc modified as the address is transferred from PSAR #2 to PSAR #1. The location and 
length of the modifier is given by the M and L fields of the Instruction Word, Modification 
is accomplished by replacing the L low order bits of the address with L low order bits 
from the register specified by the M field. The modified address is used to address the 
Process Storage at the beginning of the Execute cycle. During a Branch on Zero or a 
Branch on Ones instruction, address modification cannot take place. This is because 
phase 2 is used to test S low order bits of Register R for zero or ones to determine if the 
branch tal<es place rather than used for address modification. The uses of phase 3 through 
phase 6 are determined by the types of instruction being executed. 



One-Cycle Instructions 

During phase one, the 7750 brings out an instruction from Process Storage, places this 
instruction in the Instruction Register and decodes it (Figure 8). At the beginning of the 
phase 2, the address contained in this instruction is placed in PS AR #2, then moved into 
PS AR #1 for addressing Process Storage. At the end of phase two, the instruction 
counter is incremented to address tlie next instruction at the beginning of the next machine 
cycle. If the instruction being executed is a skip type instruction, the instruction counter 
will be incremented again in phase 3. The use of the remainder of phase 3 and phase 4 
depends on tlie type of one-cycle instructions to be executed. 

Branch Instructions 

At die beginning of phase 2 of a non-indirect branch type instruction, the Address con- 
tained in the Process Storage Data Register is not moved to PSAR #2. Therefore, the 
Process Storage Address is not addressed during this phase. In phase 3, this Address is 
placed in the Instruction Coimter of the Process Word contained in the Control Storage 
Data Register. During phase 4, the Instruction Counter is put in PSAR #2 and later moved 
to PSAR #1 to address Process Storage. At some time in phase 4, the Instruction Word 
is read back into Process Storage and the Process Word is read back into Control Storage. 

At tlie beginning of phase 2 (Figure 9) of an indirect branch type instruction, the address 
contained in tlie Process Storage Data Register is placed to PSAR #2, This Address is 
then shifted from PSAR #2 to PSAR #1. The remaining part of the cycle is used in the 
same manner as described above for non-indirect branch type instructions. 



- 22 - 



Proce» Storage 


III 


uiniiliiii 


E 

IfMllillM 


1 . 1 


LLJ 


E 

Mil IMIl 


1 


Control Storage 


jji ihrriiiiii 


t 
1 
PI • 1 S 

lillilllMI 


II iiifiMiiirii 


p 
LLI 


-1 'i 

1 1 1 1 1 1 r 


Phase 1 








, 








-r 


Phase 2 








Phase 3 


1 






Phase 4 








Phase 5 








Phase 6 


1 i 

1 

1 1 

1 1 

1 1 

1 1 








increment Instruction Counter 




. 


Increment Instruction Counter for Skip Instruction 






1 1 

1 1 








Instruction Counter Placed in PSAR 2 I 






1^ 1 








PSDR Placed in Instruction Reg - 


Jl 




1 

1 1 

1 1 








PSDRMni Address Placed in PSAR 2 




■ 








_J 


PSAR 2 Shifted to PSAR 1 | 




1 'i 


1 1 




■ 


mmJ 


E^cute 1 






1 1 1 

1 


1 
1 

1 


1 


1 



^URE LX^ ONE CYCLE INSTRUCTIONS 



Proc«« Storage 
Control Storoge 



Phase 1 
Phase 2 
Phase 3 
Phase 4 
phase 5 
Phase 6 



Increment Instruction Counter 



m 



ililllfllliMlllltltMlll lMIMIItllllllHnilimij. 



J 



^ ii 



I'mii' iiinillii 



I 



S i 



Increment Instruction Counter for Skip Instruction 



Instruction Counter Placed in PSAR 2 



PSDR Lower Address Placed in PSAR 2 



Increment PSDR Lower Address (As .required by 



some instruction) 
Read PS 



PSAR 2 Shifted into PSAR 1 



Execute 



1 



M 



1 

1 

1 



u 



ml 



I I 
IP 



I! t II III n I 



i 



FIGURE *? I NDIREa INSTRUCTIONS 



nil 





+1 



-94- 



Compare Address to Limit 

During phase 3 of this type of instruction, the Limit of the Process Storage Data 
Register is compared with the address. If they are identical, the 7750 takes the next 
instruction in sequence. If they do not compare, the Address is incremented. During 
phase 4, the Instruction Counter is placed in PSAR #2 and the data registers are stored. 

Character and Address Moving Instructions 

During phase 3 of a character or address moving instruction, the character or address 
is placed in the proper register such as the OAR or the PSDR. At the beginning of phase 
4, the Instruction Counter is placed in PSAR #2 and the data registers are stored. 



Two-Cycle Instructions 

Some instructions require more than two Process Storage cycles for execution. Phases 
1 and 2 of these instructions are the same as those for one-cycle instructions and are 
explained in Section 4. 2. Phases 3 through 6 depend on the specific instruction. 

Indirect and Branch Indirect Instructions (Except Storage -to-Stor age Instructions) 

During phase 3 of an indirect type instruction (Figure 9), the Address in the PSDR is 
placed into the Process Storage Address Register 2. During phase 4, the Address is 
incremented, if specified in the instruction, and the content of the PSDR is read back 
into Process Storage. Just prior to phase 5, Process Storage is read using the indirect 
address. During phase 5, the instruction is executed. Phase 5 of an indirect instruction 
is similar to phase 3 of a non-indirect instruction. During phase 6, the Instruction 
Counter is placed in PSAR #2, the data registers are stored and PSAR #2 is shifted to 
address the next instruction. 

Storage-to-storage Instructions 

Phase 3 of a Storage-to-Storage Instruction is idle (Figure 10). The Instruction 
Counter is placed in PSAR #2 during phase 4, since it will not be available from the 
CSDR for use during phase 6. If the instruction is indirect, the Address of the Process 
Storage Data Register is placed in PSAR #1 at the end of phase 4. Since Process 
Storage has been written at this time, it is too late to increment the Address. There- 
fore, there can be no indirect and increment Storage-to-Storage Instructions. The 
appropriate* Control Storage Word is read out for the second Process Cycle prior to 
phase 5. During phase 5, the address or word specified by the instruction is moved from 



*In modes otlier than Chaiinel Service, the word is addressed by the 7-bit R and S field 
of the instruction. In Channel Service Mode, it is the word addressed by the Channel 
Service Register. 
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one storage to another. During phase 6, the data registers are stored. The Instruction 
Counter in PSAR #2 (placed there during phase 4) is put into PSAR #1 to address the 
next instruction. 



INSTRUCTIONS 

All 7750 instructions belong to one of four types: 



1. Character Manipulating Instructions - CH 

2. Address and Limit Moving Instructions - AL 

3. Storage-to-storage Data Transfer Instructions - SS 

4. Control Instructions - CT 



Addressing 

The IBM 7750 is a single address machine. Each instruction contains one address for 
addressing storage. However, the addressing format of this machine includes address 
modification and indirect addressing. 

Instruction Word Address - W 

All 7750 instructions contain a 16-bit address (W) in bit positions 47 to 32. For direct, 
unmodified Character Manipulating Instructions, W is the location in Process Storage of 
one of the characters to be manipulated. In the execution of the other three types of direct, 
unmodified instructions, the 14 high order bits (47-34) address the word to be used in the 
execution of the instruction. The 2 low order bits of the 16-bit address are not used 
because these instructions deal with words in storage rather than characters. -With Char- 
acter Moving Instructions, however, both the word and the specific character (0, 1,2, or 
3) within the word must be specified. Therefore the complete 16-bit address must be used. 

Address Modification 

With the exception of all branch instructions other than Branch Indirect, the Address 
W of any instruction may be modified by specifying a non-zero value for the L field of 
the Instruction Word. If L is zero, no modification takes place. If L is non-zero, the 
M field (bits 20-18) specifies the register containing the modifier and L is a binary 
number specifying the number of bits of the modifier to be used, counting from the low 
order end of the specified register. L cannot be larger than eleven. The effective 
Address Wg is formed in the PSAR #1 by replacing the low order L bits of W by the low 
order L bits of the modifier in the register specified by M. The Address W is read back 
into storage as W rather than Wg because the read-back process was done before address 
modification. Table B-1 lists the value of M and the register each value specifies. 
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Indirect Addressing 

In executing directly addressed instructions, Wg is the location of one of the operands. 
When an execution is executed indirectly, the operand is located at W*, and W* is the 
Address (bits 47 through 32) contained in the word addressed by Wg. 

Register Addressing - R, S, and OAR 

All Character Manipulating Instructions deal with two character locations, one in 
Process Storage specified by Wg or W* and the other a register specified by R (bits 
29-27). S (bits 26-23) is a binary number specifying the size of the character to be 
operated on, counting from the low order bit of the register specified by R. In Char- 
acter Manipulating Instructions, S cannot be larger than eleven. Table B-1 lists the 
values of R and the registers each value specifies. 

Address and Limit Moving Instructions must specify the 16 bit Operational Address 
Register as one of their operands because the other registers are too small to accom- 
modate the Address or Limit. The OAR is composed of the Y register and 5 low order 
bits of the X register. When an address or limit is moved into the OAR, the 5 low order 
bits of the address or limit go to the 5 low order bit positions of the X register and the 
11 high order bits of the address or limit go to the Y register. 

Control Storage Addressing 

Storage-to-storage Instructions deal with two word locations: one in Process Storage, 
specified by Wg or W*, and one in Control Storage, specified by R and S in all Modes 
except Channel Service. In Channel Service Mode, Storage-to-Storage instructions are 
executed using the contents of the Channel Service Register to address Control Storage. 



TABLE B-1 - ADDRESSABLE REGISTERS 

R M Registers 

000 000 No register 

001 001 X 
010 010 Y 
Oil Oil Z 

100 100 Channel Service 

101 101 Interface Data 

110 110 Interface Control 

111 111 Mode Request 
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Address Incrementing 

If the last alphabetic code character of an operation code mnemonic is an I, W* will 
be incremented after its use. Address incrementing may occur whether or not W* is 
used as an indirect address. Incrementing starts with bit 32 of the word addressed by 
We (bit 1 of W*). 

Indirect Addressing With Incrementing - Skip 

All 7750 instructions whose mnemonic codes end in I* are skip instructions. If, after 
incrementing, bits 5-1 of W* are all Ones, the IBM 7750 executes the next instruction 
in sequence. Ones in bit positions 5-1 mean that the 7750 has reached the last character 
position of a block. To proceed any further, the 7750 must locate a new block of char- 
acters when it is receiving data or a new empty block when it is transmitting data. There- 
fore the next instruction in sequence is a Branch instruction which enables the 7750 to 
enter the subroutine for locating the next block of characters to be sent out or the next 
empty block to be filled. 

If bits 5-1 of W* are not all Ones after incrementing, indicating that the last (32nd) 
character position of the block has not been reached, the 7750 skips the Branch instruction 
and executes the instruction following. 



Flags 

Bits 12 and 13 of an Instruction Word are Flag bits. Any combination of these two Flag bits 
may be used in an instruction. If bits 12 is a One, the Z register is decremented by one 
between the address modification and execution times of the instruction. If bit 13 is a One, 
no mode change can take place between the execution of the instruction containing this 
Flag bit and the next instruction executed. 



Operation Code 

Bit 10 through 1 of the Instruction Word is the Operation Code. It specifies what instruction 
the 7750 is to do. Bit 11 is the odd parity bit for bits 10 throi^h 1 and the Flat bits. 

DESCRIPTION OF INSTRUCTIONS 

The instruction descriptions are arranged as follows in the text: 
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Instruction Name: 
Example: 
2 



Load Character Indirect 



Execution 
length in 
cycles (28 



LOD* 

Mnemonic 
Op Code 
*Indirect 
Address 



2 LOD* W 1312 

W 

Ettrect 

Unmodified or 
Modified 
Address 



1302 

Octal Op Code, 
Not Incl. Parity 
or Flags 



NOTE: Unless stated otherwise, all instructions may be executed using We = W modi- 
fied by M and L. In all cases where modification is allowed, any of the registers in 
Table B-1, including no register, may be used. 



Character Operations 

None of the instructions in this group may be used to alter bits 1 through 7 of the Channel 
Service Register. Specifying R = 4 on a Load Instruction Avill reset the error indicators 
(CSR 8-11), but will not change the test of the CSR. All instructions whose mnemonic 
begins with X must specify R = 1, the X Register. None of the instructions whose 
mnemonic begins with A can specify R = 5, the Interface Data Register. 

Load Character 

1 LOD W 1302 

All bits of register R are cleared and the lower S bits are replaced by the corre- 
sponding bits of the character addressed by Wg. The contents of storage are urtchanged. 

Load Character Indirect 

2 LOD* W 1312 

Same as LOD with indirect addressing. 
Load Character and Increment 

1 LOI W 1322 

Same as LOD with increment. 

Load Character Indirect and Increment 

2 LOI* W 1332 

Same as LOD \vith indirect and increment. 
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Load Complemented Character 

1 LDC W 1342 

All bits of register R are cleared and tlie lower S bits are replaced by the One's 
complement of the corresponding bits of the character addressed by We. The contents 
of storage are unchanged. 

Load Complemented Character Indirect 

2 LDC* W 1352 

Same as LDC with indirect addressing. 

Load Complemented Character and Increment 

1 LCI W 1362 

Same as LDC with increment. 

Load Complemented Character Indirect and Increment 

2 LCI* W 1372 

Same as LDC with indirect and increment. 
Unload Character 

1 UNL W 1202 

All 11 bits of the character addressed by We are cleared and the S low order bits are 
replaced by the corresponding bits of register R. The contents of R are unchanged. 

Unload Character Indirect 

2 UNL* W 1212 

Same as UNL with indirect addressing. 

Unload Character Indirect and Increment 

2 ULI* W 1232 

Same as UNL with indirect addressing and increment 
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U nload Complemented Character 

1 ULC W 1242 

All 11 bits of the character addressed by Wg are cleared and the lower S bits are 
replaced by the One's complement of the corresponding bits of register R. The contents 
of R are unchanged. 

Unload Complemented Character Indirect 

2 ULC* W 1252 

Same as ULC with indirect addressing. 

Unload Complemented Character Indirect and Increment 

2 UCI* W 1272 

Same as ULC with indirect addressing and increment. 

Exclusive OR 

IXORWllOl 

The S low order bits of register X are EXCLUSIVE - OR'ed, bit by bit, with the 
corresponding bits of the character addressed by Wgi The results replace the S low 
order bits of X. The contents of storage and the 11 minus S high order bits of X are 
unchanged. The result of an EXCLUSIVE - OR between two bits is a One when the two 
bits differ (10 or 01) and a Zero when they are the same (11 or 00). 

Exclusive OR Indirect 

2 XOR* W 1111 

Same as X OR with indirect addressing. 

Exclusive OR and Increment 

1 XOI W 1121 

Same as XOR with increment. 
Exclusive OR Indirect and Increment 

2 XOI* W 1131 

Same as XOR mth indirect addressing and increment. 
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Exclusive OR Complemented 

1 XOC W 1141 

The S low order bits of register X are EXCLUSIVE - OR'ed, bit by bit, with iiie One's 
complement of the corresponding bits of the character addressed by We. The results 
replace the S low order bits of X. The contents of storage and 11 minus S high order bits 
of X are unchanged. 

Exclusive OR Complemented Indirect 

2 XOC* W 1151 

Same as XOC with indirect addressing. 
Exclu sive OR Complemented and Increment 

1 XCI W 1161 

Same as XOC with increment. 

Exclusive OR Complemented Indirect and Increment 

2 XCI* W 1171 

Same as XOC with indirect addressing and increment. 

Inclusive OR 

1IORW1102 

The S low order bits of register R are OR'ed bit by bit with the corresponding bits of 
the character addressed by W^. The results replace the S low order bits of R, The 
contents of storage and the 11 minus S high order bits of R are unchanged. The results 
of an OR between two bits is a One when either or both of the bits are Ones (11, 10, 01) 
and a Zero when they are both Zeros (00). 

Inclusive OR Indirect 

2 IOR+ W 1112 

Same as lOR with indirect addressing. 

Inclusive OR and Increment 

1 lOI W 1122 

Same as lOR with increment. 
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Inclusive OR Indirect and Increment 

2 lOI* W 1132 

Same as lOR with indirect addressing and increment. 

Inclusive OR Complemented 

1 IOC W 1142 

The S low order bits of register R are OR'ed, bit bi bit, with the One's complement 
of the corresponding bits of the character addressed by We- The results replace the 
S low order bits of R, The contents of storage and the 11 minus S high order bits of 
R are unchanged. 

Inclusive OR Complemented Indirect 

2 IOC* W 1152 

Same as IOC with indirect addressing . 
Inclusive OR Complemented and Increment 

1 ICI W 1162 

Same as IOC with increment. 

Inclusive OR Complemented Indirect and Increment 

2 ICI* W 1172 

Same as IOC with indirect addressing and increment. 
OR to Process Storage 

1 ORP W 1002 

The S low order bits of the register R are OR'ed, bit by bit, with the corresponding 
bits of the character addressed by We- The results replace the S low order bits of the 
character in storage. The contents of R and the 11 minus S high order bits of the char- 
acter in storage are unchanged. 

OR to Process Storage Indirect 

2 ORP* W 1012 

Same as ORP with indirect addressing. 
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OR to Process Storage Indirect and Increment 

2 om* W 1032 

Same as ORP with indix'ect addressing and increment. 

OR Complement to Process Storage 

1 OCP W 1042 

The One's complements of the S low order bits of the register R are OR'ed, bit by 
bit, with the corresponding bits of the character addressed by W^. The results replace 
the S low order bits of the character in storage. The contents of R and the 11 minus S 
high order bits of the character in storage are unchanged. 

OR Complement to Process Storage Indirect 

2 OCP* W 1052 

Same as OCP with indirect addressing. 

OR Complement to Process Storage Indirect and Increment 

2 OCI* W 1072 

Same as OCP with indirect addressing and increment. 

AND 

1 AND W 1145 

The S low order bits of the register R and AND'ed bit by bit with the corresponding 
bits of the character addressed by We. The results replace the S low order bits of R, 
The contents of storage and the 11 minus S high order bits of R are unchanged. The 
result of an AND between two bits is a One when both bits are One's (11) and a Zero 
otherwise (10, 01, 00). 

AND Indirect 

2 AND* W 1155 

Same as AND with indirect addressing. 

AND and Increment 

1 ANI W 1165 

Same as AND with increment. 
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AND Indirect and Increment 

2 ANI* W 1175 

Same as AND with indirect addressing and increment. 

AND Complemented 

1 ANC W 1105 

The S low order bits of register R are AND'ed, bit by bit, with the One's complement 
of the corresponding bits of the character addressed by Wg. The results replace the 
S low order bits of R. The contents of storage and the 11 minus S high order bits of 
R are unchanged. 

AND Complemented Indirect 

2 ANC* W 1115 

Same as AND with indirect addressing. 
AND Complemented and Increment 

1 ACI W 1125 

Same as ANC with increment. 

AND Complemented Indirect and Increment 

2 ACI* W 1135 

Same as ANC with indirect . 

Address and Limit Moving Operations 

Get Address 

1 GTA W 0702 

The Operational Address Register (OAR) is cleared, then loaded with the Address in 
the word addressed by Wg. The contents of storage are unchanged as are the 2 high 
order bits (10 and 11) of register S. Bits 9-6 of the X register are cleared. 
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Get Address Indirect 

2 GTA* W 0712 

Same as GTA with indirect addressing. 

Get Limit 

1 GTL W 0302 

The OAR is cleared, then loaded with the Limit in the word addressed by Wg. The 
contents of storage are unchanged, as are the 2 high order bits of register X. Bits 
9-6 of the X register are cleared. 

Get Limit Indirect 



2 GTL* W 0312 

Same as GTL with indirect addressing. 

Get and OR Address 

1 GOA W 0502 

The contents of the OAR is inclusive OR'ed into the OAR with the corresponding bits 
of the Address in the word addressed by We. The word in the Process Storage Location 
addressed by We is unchanged. 

Get and OR Address Indirect 

2 GOA* W 0512 

Same as GOA with indirect addressing. 
Get and OR Limit 

1 GOL 0102 

The contents of the OAR is inclusive OR'ed into the OAR with the corresponding bits 
of the Limit in the word addressed by We. The word in the Process Storage location 
addressed by We is unchanged. 

Get and OR Limit Indirect 

2 GOL* W 0112 

Same as GOL with indirect addressing. 
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Put Address 



1 PTA W 0602 



The Address field (bits 47 through 32) in the word addressed by Wg is cleared, then 
loaded with the contents of the OAR. The OAR is unchanged. 

Put Address Indirect 



2 PTA* W 0612 

Same as PTA with indirect addressing. 

Put Limit 

1 PTL W 0202 

The Limit field (bits 27 through 12) in the word addressed by Wg is cleared, then 
loaded with the contents of the OAR. The OAR is unchanged. 

Put Limit Indirect 

2 PTL* W 0212 

Same as PTL with indirect addressing. 

Storage -to -Storage Data Moving Operations 

See paragraph on Control Storage Addressing, 

Transmit Address to Process Storage 

2 TAP W 0606 

The Address field in the word addressed by Wg is cleared, then loaded with the 
Address from the Control Storage word referenced. Control Storage is unchanged. 

Transmit Address to Process Storage Indirect 

2 TAP* W 0616 

Same as TAP with indirect addressing. 
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Transmit Address to Control Storage 

2 TAG W 0706 

The Address field (bits 47 through 32) of tlie Control Storage word referenced is 
cleared, then loaded with the Address in the word addressed by Wg. Process Storage 
is unchanged. 

Transmit Address to Control Storage Indirect 

-Z. v^a * V/V 07/ ^ 
Same as TAC with indirect addressing. 

Transmit and OR Address to Control Storage 

2 TOC W 0506 

The Address field (bits 47-32) of the Control Storage Word referenced in inclusive 
OR'ed into itself with the Address field of the word addressed by Wg. The word in 
Process Storage location addressed by Wg is unchanged. 

Transmit and OR Address to Control Storage Indirect 

2 TOC* W 0516 

Same as TOC witli indirect addressing. 

Move Word to Process Storage 

2 MWP W 0206 

The word addressed by Wg is replaced by the Control Storage word referenced. 
Control Storage is michanged. 

Move Word to Process Storage Indirect 

2 MWP* W 0216 

Same as MWP witli indirect addressing. 

Move Word to Control Storage 



2 MWC W 0306 



The Control Storage word referenced is replaced by the Process Storage word 
addressed by Wg. Process Storage is unchanged. 
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Move Word to Control Storage Indirect 

2 MCW* W 0316 

Same as MWC with indirect addressing. 

Move Word and OR to Control Storage 

2 MOC W 0106 

The contents of the Control Storage word referenced is inclusive OR'ed into the 
Control Storage word referenced with the contents of the Process Storage word addressed 
by Wg. The word at the Process Storage location addressed by Wg is unchanged. 

Move Word and OR to Control Storage Indirect 

2 MOC* W 0116 

Same as MOC with indirect addressing. 

Control Operations 

Branch type instructions other than Branch Indirect cannot have their addresses 
modified by M and L. 

Branch 

1 BRAW 0707 

This instruction causes the 7750 to take its next instruction from word location W 
and to proceed from there. 

Branch Indirect 

1 BRA* W 0717 

This instruction causes the IBM 7750 to take its next instruction from word location 
W* and to proceed from there. W* is the Address at word location Wg = W modified by 
M, L. See paragraph on Indirect Addressing. 

Branch on Zero 



1 BRZ W 0704 



If tlie S low order bits of x'egister R are all Zero, the 7750 takes its next instruction 
from word location W and preceeds from there. Otherwise, it takes the next instruction 
in sequence. R is unchanged. 
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Branch on Zero Indirect 

1BRZ*W0714 

See BRA* and BRZ. 

Branch on Ones 

1 BRO W 0744 

If the S low order bits of register R are all One, the 7750 takes its next instruction 
from word location W and proceeds from there. Otherwise, it takes the next instruction 
in sequence. R is unchanged. 

Branch on Ones Indirect 



2 BRO* W 0754 
See BRA* and BRO 
Branch on Test 



1 BRT 0544 

The contents of positions 33 through 23 of the Instruction Word are inclusive OR'ed 
with the contents of the register specified by the M field of the Instruction Word. If 
the result is all Ones, tlie next instruction will be taken from the location specified in 
the Address field (bits 47-34) of the BRT Instruction Word. If the result is not all Ones, 
the 7750 executes the next instruction in sequence. The contents of the Instruction Word 
and of the register specified by M are unchanged. 

Compare Address to Limit 

1 CAL W 0003 

If the Address and Limit fields of the word addressed by Wg are identical, the 7750 
takes the next instruction in sequence. If they are not identical, the 7750 skips the next 
instruction and proceeds from there. Storage is unchanged. 

Compare Address to Limit and Increment 

1 CAI W 0023 

Same as CAL with increment. 
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Sense 



1 SNS W 0000 



The sense line as specified bj' the M field, (1 to 5)8> 
This instruction is used for diagnostic purposes only. 



is raised for 20 microseconds. 



PRIORITY PROCESSING 

When the IBM 7750 is executing a program, the sequence of its operation is controlled 
by the Instruction Counter, Since the Instruction Counter is not an actual register but 
is a field stored in a Control Storage Process Word, a change in the sequence of opera- 
tion can be accomplished by accessing a different Process Word, and thereby a different 
Instruction Counter. In the 7750, priority processing is accomplished by the use of six 
such Process Words. Each Process Word has a preassigned priority. The choice of a 
specific Process Word is based on external conditions. 

The 7750 is in a particular mode when its sequence of operation is under the control 
of the Process Word associated with that Mode. A Mode is requested by the setting of 
its associated trigger in the Mode Request Register, except for the Normal Mode, 
which is always requested although it has no trigger. In all Modes except Copy Mode, 
the 7750 operates as described in Section 4, The operation in Copy Mode is described 
in Section on Transmission Between the 7750 and the Computer. Table 1 gives the 
priority, MRR position and Control Storage address of each mode. 







TABLE 


1 


Control Storage 


Mode 


Priori 


ity 


MRR 


Address 


Service 


1 




1 


378 


Channel Service 


2 




2 


"8 


r'.nnv 

— r-j 


3 




3 




OUT* 


4 




4 


1368 


IN* 


5 




5 


1768 


Normal 


6 




None 


1778 



*The IN and OUT Modes correspond to the Write and Read operations, 
refer to the data transmission relative to the IBM 7750. 



They 



Service Mode 

The Service Mode has highest priority. In most cases, this mode is used for detecting 
environmental errors, and the request of this mode is automatic through channel words. 
In addition, the Service Mode, together with the Service Mode program, may be used 
to: (1) isolate or remove mistakes from a program (debugging); (2) locate a faulty 
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component (diagnosing); and (3) obtain a programmed output of error messages when 
a machine malfunction occurs. Service mode may be entered manually from the operator's 
panel, automatically on the occurrence of an error condition, or by program. The 7750 
program must enable the machine to leave this mode. 



Channel Service Mode 

Channel Service Mode has second priority. This mode causes the execution of the pro- 
gram that assigns blocks to receiving and transmitting communication channels. Channel 
Service Request is set automatically when any communication channels need it, and 
turned off by the program. 



Copy Mode 

Copy Mode has third priority and is requested by the program of some other mode. When 
this mode is operative, data are automatically moved to or from the associated com- 
puter. Copy mode is not a program executing mode but is given a mode position because 
its function ranks in priority above all but Service Mode and Channel Service Mode. 



Out Mode 

Out Mode has fourth priority. Its mode program executes the necessary instructions 
to set up the Copy Mode process word and prepares the 7750 to transmit data to the com- 
puter. The Out mode request bit is normally turned on by the program of the associated 
computer and is turned off by the IBM 7750 program. This mode may also be requested 
by the 7750 program. 



In Mode 

In Mode has fifth priority. It is requested by action of the associated computer when 
the computer wants the 7750 to accept data from it. The program written for this mode 
locates space for the data, sets up copy mode process word to read the data into this 
area, and requests copy mode. The In mode request bit is normally turned on by the 
program of the associated computer and is turned off by the IBM 7750 program. 

Normal Mode 

Normal Mode has lowest priority. It causes the execution of the normal program which 
performs error checking, code translation, recognition of functional codes, monitoring, 
queuing, and so on. All 7750 functions not specifically delegated to other modes usually 
are executed by the Normal Mode program. 
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Mode Selector System 

The Mode Selector System enables the 7750 to change modes automatically. This 
system consists of a mode request register and a mode status register. Both registers 
have five bit positions. Each bit position in the registers represents a specific mode. 
Normal mode is indicated when there are no bits appearing in either register. If more 
than one bits appear in the MRR, indicating more than one modes are requested at the 
same time, only the bit corresponding to the highest requested mode appears in the MSR. 
Since during the Process cycle, the Control Storage is addressed by the Mode Status 
Register, the 7750 will always service the mode with the highest priority first. 

At the end of the last Execute cycle of each instruction, the MSR is checked against 
the MRR. If the check shows the MSR to be at the highest requested mode, the next 
instruction, whose address was supplied by the previous Process cycle of the current 
mode, is executed. If the check shows that the MSR is not at the highest requested 
mode, and the instruction executed was not flagged Prevent Mode Change, the following 
sequence of events occurs. The MSR is updated to agree with the highest priority in 
the MRR; the Mode Change Trigger is set to store the fact that a mode change is to 
occur; the following Instruction and Execute Cycles are not used for a fetch and exe- 
cute; instead, the updated MSR addresses the Process Word of the new mode in Con- 
trol Storage; the Instruction Counter is used to address Process Storage on the second 
Instruction Cycle. The Mode has now changed with a loss of one machine cycle. 

If the instruction just executed had been flagged Prevent Mode Change, the change 
in the MSR and the setting of the Mode Change Trigger would not have occurred. The 
change of mode would not have taken place until after the execution of an instruction 
not flagged Prevent Mode Change. 

Note the following: 

(1) A Character Interrupt occurring at the same time as a mode change merely 
causes the mode change to be delayed. 

(2) A mode change cannot occur between the first and second cycles of a two cycle 
instruction. 



CHANNEL INPUT/OUTPUT 

In the 7750, the sending and receiving of data is an automatic function controlled by a 
unique Channel Word located in the Control Stors^e for each commxmication channel. 
This receiving and sending of data requires only an occasional supervision from the 
program. 
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FIGURE 11 - DATA FLOW 



Referring to Figure 11, incoming data arrive at the adapters where the data are 
converted (voltage levels, polarity, etc. ) and sent to the Control Storage via the 
Adapter Control Interface, Incoming bits are maintained in Control Storage until a 
complete character is received. Then, the character is automatically transferred 
to Process Storage. Outgoing data are sent to the adapters serial by bit from Con- 
trol Storage until a complete character has been transmitted. Then the next char- 
acter is automatically obtained from Process Storage. 



Adapter Control Interface 

Figure 12 shows the lines which go between each of the Process Control channels and 
\he associated adapters. Each one of these lines performs specific functions for con- 
trolling data flow between a Process Control channel and its associated adapter. Col- 
lectively, these lines form an interface — the Adapter Control Interface. 



Process Control Chaitnel Scanner Operation 

The Process Control Channel Scanner steps from channel to channel in sequence. It 
selects a Process Control channel every 28 microseconds (one machine cycle). The 
7750 can have a maximum of 16 Process Control Chamiels. Depending on the appli- 
cation, tlie Process Control Channel Scanner is pre-set using a pluggable block, to 
count up to the maximum number of Process Control Channels used. 



Channel Word 

The Channel Word, a 48 bit word located in Control Storage, which automatically con- 
trols the assembly and distribution of characters to and from the channel adapters. 
Each communication channel connected to the 7750 has a unique Channel Word associ- 
ated with it stored in Control Storage. At the beginning of each Scan cycle, the Process 
Control Channel Scanner selects a channel adapter. The corresponding adapter then 
provides tlie address of the correct Channel Word to the Process Control. Depending 
on the contents of tliis Channel Word, automatic character assembly and distribution 
takes place. The Channel Word is tlien stored and the Process Control Channel Scanner 
incremented to select the next adapter for the following Scan cycle. If in a particular 
application, there are ten Scan Points, Scan Point one would be selected every 280 micro- 
seconds (ten machine cycles). 
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FIGURE /SL ADAPTER CONTROL INTERFACE 
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Channel Word Format 

The Channel Word is composed of the following fields (Table 2). 

TABLE 2 - CHANNEL WORD FORMAT 

Position No. Name Field 

47-34 Word Address W 

33-32 Character A 

31 Last Timing B 

30-27 Character Length C 

26-23 Status-Micro D 

22-20 Action E 

19-15 Character Control F 

14-12 Status-Macro G 

11-1 Assembly/Distribution H 

P Word Parity 



The Assembly/Distribution field, H, is an eleven bit shift register and count-down 
counter which contains all or a portion of a character being assembled or distributed. 
Characters are arrmiged in the H field with the first bit placed in the low-order position. 
The character length field, C, defines the number of bits per character. Fractional 
Stop bits are omitted when determining the character length. 

Since in each Process Storage word, four characters can be stored, the Character 
field, A, defines the next character position in the Process Word to be assembled or 
transmitted. Character field A is automatically incremented each time a new char- 
acter Is transferred to or obtained from storage. 

The Word Address field, W, defines the Process Storage word location of the next 
character position. It is automatically incremented when four character positions have 
been used. 

In the G field, the high-order bit defines the type of character transmission; Sjmchro- 
notis or Start-Stop. The next high-order bit CSDR 13, is defined later in this manual 
for Start-Stop channel words and for Synchronous channel words. The Lower Order bit 
indicates whether the 7750 is sending or receiving data. 

The Last Timing bit, B, is used in conjunction with the Timing Line of the Adapter 
Control Interface. At the beginning of each Scan cycle, the Last Timing bit is 
EXCLUSIVE - OR'ed with the Timing Line to determine if a new bit time has occurred. 
A difference is interpreted as a demand by the channel adapter for the next data bit to 
be transmitted or received by the Process Control. Following a bit transfer, the Last 
Timing Bit is automatically set equal to the Timing Line. 
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Fields D and F are discussed in succeeding sections. Their functions depend on 
the type of character trajismission and the status of tlie Channel Word. The Action 
field, E, is discussed in the section, Action Delaying Feature. 

Character Assembly and Distribution 

Characters are automatically loaded into the assembly area (H field) and send to the 
channel adapter, serial by bit from the low-order position, at each new bit time. 

For Start-Stop or Synchronous data transmission, the four low-order bits in the 
Character Control Field, F, form a binary counter which increments each time a new 
bit is sent to the channel adapter. When the bit coimt equals the Character Length, 
signifying that a complete character has been sent to the adapter, the next character 
is automatically obtained from Process Storage. 

In a receiving status, incoming bits are gated into the Assembly Area, as defined 
by the Character Length Field (C), and shifted toward the low-order bit position. For 
example if C equals Us, the first bit and all succeeding bits of the character enter at 
CSDRbit position 9. 

For Synchronous receive the complete character is stored when the four low-order 
bits of F equal C. However, on Start-Stop receive, a different method is used to 
determine when a complete character is in the Assembly Area. The detection of the 
start bit shifting into the CSDR 1 and a stop bit shifting into H, as defined by the Char- 
acter Length Field (C), causes the character to be stored. Before storing the character, 
the Assembly Area is again shifted to strip the start bit from the character. On Start- 
Stop receive, the F field is not used as a counter. 

Data Transfer Check 

An automatic Data Transfer Check is made on the data flow path between the Process 
Control and the channel adapter in Send Status. Each time a data bit is sent to the 
chaimel adapter, it is retained in the low-order position of the D field in the Channel 
wuru. iniH low uruer pusiLiun ui iiie u iieiu is uie irajisler CiieuK uii {k^oliix ^o). wiitjii 
tlie IBM 7750 is sending data to a communication channel, the channel adapter sets ttie 
value of the last bit sent to the communication channel on the Data-in line. When the 
next bit is requested by the channel adapter, the Transfer Check bit is compared with 
the Data-in line. If they do not compare, a Channel Error is indicated (see Section on 
Channel Error). The MCA also makes a check on the data flow path between the MCA 
data bit and the output communication lines of the Communications Line Terminator 
(CLT). 

Start-Stop Chajtinel Words 

Channel Words would normally be assembled by the program in Process Storage and 
transferred to Control Storage to initiate character assembly or distribution. The Chan- 
nel Word as it is used for Start-Stop channels is given in Table 3 and Figure 13. All 
unused bits must be logical Zeros in Start-Stop Channel Words. 
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Certain ground rules are necessary to insure correct data transmission. One such 
rule is Adapter Synchronization. If a channel has been inactive, i.e. , hold status, or 
the data flow direction has changed, it is necessary to use the first active Scan cycle 
to synchronize the adapter with the Process Control. This should not be confused with 
Synchronous transmission. In the new Channel Word the programmer must set the 
Character Control field, F, to lAg. On the first active Scan cycle the Channel Word 
automatically performs the following functions: 

1. The Last Timing bit is reset to a logical Zero. 

2. A Data Transfer Check is inhibited, and the Transfer Check bit reset to a 
logical Zero. 

3. The Adapter Sync line is set to a logical One. 

4. If the channel is starting to send, the first character of the message is obtained 
from Process Storage, 

5. The Character Control field is reset to OOg for use as a bit counter. 

6. CSDRbits 11-1 are cleared. 



TABLE 3 - START-STOP CHANNEL WORD FORMAT 



Position No. 



Name 



Field 



47-34 

33-32 

31 

30-27 

26 

25 

24 

23 

22-20 

19-15 

14-12 

11-1 

P 



Word Address 

Character 

Last Timing 

Character Length 

Not Hold 

Delay 

Fractional Sampling Bit 

Transfer Check 

Action 

Character Control 

Status-Macro 

Assembly/Distribution 

Word Parity 



W 
A 
B 
C 
D 
D 
D 
D 
E 
F 
G 
H 



In send status, for channels having character formats containing non-integer stop 
bits, the programmer must set the Fractional Sampling Bit in the D field to a logical 
One. When Bit Count equals Character Length, signifying that the last stop bit is being 
sent to the adapter, the Fractional Sampling Bit line of the Adapter Control Interface 
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START-STOP CHANNEL WORD FORMAT 












FIELD 


W 


A 


B 


C 


D 


E 


F 


G 


H 


P 


VA op Bits Af/t fien> 

CSDR Bit Post. No, 


14 


2 


1 


4 


4 


3 


5 


3 


11 


1 


CSDR Bit Post. No. 


47-34 


33-32 


31 


30-27 


26-23 


22-20 


19-15 


14-12 


11-1 


1 


SEND* 






















1. First Active Scan Cycle 


Word Addr. 
of 1st Char. 


Char. 





02-13 


10 





14 


3 


0000 


- 


2. Normal Without Error 

3. Normal Delay Without 








02-13 


10-11 





00-13 


3 
















Error 







- 


02-13 


14 





00 


3 












RECEIVE* 



1. First Active Scan Cycle 



2. Normal Without Error 

3. Normal Delay Without 
Error 



INACTIVE Send or Receive 



*Without Fractional Stop Bit 
Note: All numbers in octal 



Word Addr. Char, 

of 1st Char. 



02-13 10 



02-13 10 



02-13 14 



00-07 



14 



00 



00 



or 2 



0000 



FIGURE 13 



is automatically set to a logical One. The adapter will tlien elongate this last stop bit 
by a predetermined interval. 

The programmer can automatically initiate a sending delay during the normal trans- 
mission of a message. The programmer inserts in the message a special character 
followed by a delay count equal to the desired delay in binary bit times. The special 
character is called Special Sending Delay Character (SSDC) and has the following bit 
pattern: 37778. During a Character Interrupt the recognition of SSDC sets the Delay 
bit in the D field to a logical One. Character Interrupt is initiated the next time this 
same Channel Word is accessed and the delay count is loaded into the H field. The 
maximum delay is 37758. Each time the Channel Word is accessed and a new bit time 
occurs , the H field is decremented. ViTien the H field is decremented to all Zeros, 
signifying the end of sending delay, the Delay bit is turned off, and the next character 
is obtained from Process Storage to be transmitted in the normal manner. Neither the 
SSDC nor the delay count is sent to the channel, nor can either be located in the 32nd 
position of a Block in Process Storage. 

In data transmission, it is sometimes desirable to send a message and then wait for 
a reply on the same line, e. g. , polling on half-duplex lines. The programmer can auto- 
matically initiate a status change in the Channel Word at the end of an outgoing message 
for this purpose. The recognition of a special character by the logic will place the 
Channel Word in a receiving delay status, during which time the logic examines the Data-in 
line for a logical One, i. e. , start bit of an incoming character. The recognition of a 
start bit places the Channel Word in normal Start -Stop receive for character assembly. 
If the delay interval times out, the Channel Word will be placed in a Hold condition. The 
special character is defined as the Status Change Character (SCC) and has the following 
bit pattern: 37763. 

To initiate a status change, the programmer inserts the Status Change Character 
followed by a delay count character equal to the desired delay in binary bit time. The 
maximum delay count that can be used is 37758. During a Character Interrupt, tiie 
recognition of SCC sets the Delay bit (CSDR 25) to a logical One. Character Interrupt is 
again initiated the next time this same Channel Word is accessed if the Data-in line is a 
logical Zero. The Data-in line being a logical Zero signifies that the last character was 
transmitted. The delay count character is loaded into the H field, the F field is set to 
148, ^"d ^he low-order bit in the G field is set to a logical Zero, i.e. , receive status. 
On the next active Scan cycle the octal code 148 performs the Adapter Synchronization 
function. Each time this Channel Word is accessed and a new bit time occurs , the H 
field is decremented. If at anytime the Data-in line becomes a logical One, i. e. , the 
start bit of an incoming character, receiving delay is terminated; tiie assembly area is 
cleared, data is entered, and the Delay bit turned off. Should the H field be decremented 
to all Zeros, the Not Hold bit (CSDR 26) is reset to a logical Zero placing the Channel 
Word in an inactive status. Neither the SCC nor the delay count character can be located 
in the 32nd position of a block of Process Storage. 
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Synchronous Channel Words 

As previously mentioned, the major difference between Start-Stop and Synchronous 
transmission is the character format. To establish and maintain character synchro- 
nization, synchronous channels use special synchronizing characters instead of start 
and stop bits. However, once character synchronization has been established, incoming 
characters are stored regardless of the content of the assembly area. In some appli- 
cations it is also desiraJsle to transmit synchronization characters, at pre-determined 
intervals, to aid the maintenance of character synchronization. 

Two types of character synchronization are available. They are "Hunt" and "Con- 
tinuous Hunt". The choice of which type to use, or whether a combination of the two 
should be used, is determined by the particidar application. The Channel Word format 
as it is used for Synchronous channels in receive status is given in Table 4 and Figure 
14. 

TABLE 4 

SYNCHRONOUS CHANNEL WORD FORMAT - RECEIVE STATUS 



Position No. Name Field 

47-34 Word Address W 

33-32 Character A 

31 Last Timing B 

30-27 Character Length C 

26-23 Extended Assembly Area D 

22-20 Action E 

19-15 Character Control F 

14-12 Status-Macro G 

11-1 Assembly/Distribution H 

P Word Parity 



Before a Channel Word can be placed in Hunt or Continuous Hunt Status, it is neces- 
sary to use the first active Scan cycle to sjmchronize the adapter with the Process 
Control. The Character Control field is used to perform this function. By setting the 
proper octal code in tlie F field, the programmer can make one of several sequences 
take place without further attention from the program. These sequences are: 

1. Adapter Synchronization going to normal synchronous receive, 

2. Adapter Sjaichronization going to Continuous Hunt. 
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SYNCHRONOUS CHANNEL WORD FORJVIAT 














Number of Bite per Field 


W 
14 


A 
2 


B 
1 


c 

4 


D 

4 


E 
3 


F 
5 


G 
3 


H 
11 


p 

1 


CSDR Bit Post. Number 


47-34 


33-32 


31 


30- 


■27 


26- 


23 


22-20 


19-15 


14-12 


11-1 


p 


SEND* 


























1. 


First Active Scan Cycle 


Word Addr. 
of 1st Char. 


Char. 





01- 


-13 


02 







14 


7 


0000 


- 


2. 


Normal Without Error 







- 


01- 


-13 


02- 


03 





00-13 


7 





- 




RECEIVE* 


























1. 


First Active Scan Cycle 


Word Addr. 
of 1st Char. 


Char 





01- 


-13 


00 







14 


6 


0000 


- 


2. 


First Active Scan Cycle 
Going to Continuous Hunt 


Word Addr. 
of 1st Char. 


Char. 





01- 


-13 


00 







34 


6 





- 


3. 


Normal Continuous Hunt 







- 


01- 


■13 


— 




- 


10-33 


6 





- 


4. 


First Active Scan Cycle 
Going to Hunt 


Word Addr. 
of 1st Char. 


Char. 





01- 


-13 


00 







16 


6 


0000 


- 


5. 


Hunt 


Word Addr. 
of 1st Char. 


Char. 


- 


01- 


■13 


— 







17 


6 


0000 


- 


6. 


First Active Scan Cycle 
Going to Hunt then Going 
to Continuous Hunt 


Word Addr. 
of 1st. Char. 


Char. 





01- 


-13 


00 







36 


6 


0000 


•~ 


ERROR CHANNEL WORD 
(Send or Receive) 







- 


14- 


-17 


10- 


11 


- 


— 


2-3 




- 


INACTIVE SEND or RECEIVE 







.. 


— 




00- 


-07 


- 


— 


or 2 





- 





♦Control Bit CSDR 13 Logical One 

Note: All numbers in octal 



FIGURE 14 



3. Adapter Synchronization going to Hunt and then going to normal synchronous 
receive. 

4. Adapter Synchronization going to Hunt and then going to Continuous Hunt. 

Sequence one, "Adapter Synchronization" going to synchronous receive, operates 
in the following manner. The programmer inserts the octal code I43 in the F field. 
When a Channel Word containing this octal code is accessed on the first active Scan 
cycle, the following automatic actions take place: 

1. The Last Timing bit is reset to a logical Zero. 

2. The D field is cleared. 

3. The Adapter Synchronization line is set to a logical One. 

4. The four low-order bits in the F field are reset to OOg for use as a bit counter. 

5. The H field is cleared. 

After the Adapter Synchronization function has been completed character assembly 
begins. The Channel Word is in a normal synchronous receive status. 

Sequence Two, "Adapter Synchronization" going to Continuous Hunt, operates in the 
following manner. The programmer inserts the octal code 348 in the F field. The 
high-order bit in the F field defines Continuous Hunt. On the first active Scan cycle 
the octal code 343 performs the Adapter Synchronization fimction as described in the 
previous paragraph. However, when the Adapter Synchronization is completed, the 
Channel Word is in a Continuous Hunt status and character assembly begins. 

In Continuous Hunt, a 16-bit end-around shift register is formed using bits 11-1, 
26-23, and the Data-in line. A new bit is entered into the Assembly Area, as specified 
by C, and shifted toward the low-order position. The low-order position is equal to the 
Character Length plus one. If C equals 6 the low-order position is Control Storage Data 
Register 7. A maximum of fifteen bits are maintained in the shift register. As each 
new bit is received, tlie Bit Count is incremented and compared with the Character Length. 
If a comparison occurs. Character Interrupt is initiated, and those low-order bits in H 
as specified by the Character Length are transferred to Process Storage. 

In Continuous Hunt, the 7750 examines the contents of the 16-bit Assembly Area at 
each new bit time. Character synchronization is established when the logic indicates 
that the proper S3mchronization pattern has been received. The four low -order bits of 
F are reset to OOg in preparation to count succeeding bits. However, the Continuous 
Hunt bit is not turned off. When Bit Count equals Character Length, those bits as speci- 
fied by C are transferred to Process Storage. Only one synchronization pattern per 
Process Control Channel can be used. The selection of the correct decoder is made by 
the Process Control Chaimel Scanner. 
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Note that there may be some dangers inherent in the use of Continuous Hunt. Bit 
synchronization data may be transferred to Process Storage as if they were valid 
characters. 

Sequence Three, "Adapter Sjoichronization" going to Himt status and then going to 
synchronous receive, operates in the following maiuier. The programmer inserts the 
octal code, IGg, in the Character Control field. When a Channel Word containing the 
octal code IGg is accessed on the first active Scan cycle, the following action is initiated: 

1. The Last Timing bit is reset to a logical Zero. 

2. The D field is cleared. 

3. The Adapter Synchronization line is set to a logical One. 

4. The four low-order bits of the F field are incremented to 17g. 

5. CRDR))its 11-1 and 26-23 are cleared. 

After the "Adapter Synchronization" function has been completed, the octal code, 17g, 
places the Channel Word in Hiuit status. 

In Hunt, a 16-bit cnd-aromid shift register is formed using bits 11-1, 26-23, and the 
Data-in line. A new bit is entered into the Assembly Area, as specified by C, and 
shifted toward the low-order position. The low-order position of the 16 bit Assembly 
Area is equal to C plus one. For example, if C equals seven, the low-order position 
is Control Storage Data Register 8. A maximum of 15 bits are maintained in the shift 
register. As each new bit is entered, the F is not incremented and characters are not 
transferred to Process Storage. 

In Hiuit, 7750 examines the contents of the 16-bit Assembly Area at each new bit 
time. Character synchronization is established and Hunt status is terminated when 
the logic indicates that the proper sjmchronization pattern has been received. The 
four low-order bits of the F field are incremented to OOg for use as a bit counter, and 
the Channel Word is in a normal synchronous receive status. 

Logic is provided for two sj^ichronization patterns. These patterns may be any com- 
bination of logical One's and Zero's and have maximum lengths of 16 bits. Only one 
sjaichronization pattern per Process Control Channel can be used. The selection of the 
correct decoder is made by the Process Control Channel Scanner. Hunt and Continuous 
Himt must use the same sjTichronization pattern. 

Sequence Four, "Adapter SjTichronization" going to Hunt and then going to Continuous 
Hunt, operates in the following manner: To initiate sequence four, the programmer 
inserts tlie octal code 36s i" tlie F field. Sequence three is performed, followed by 
sequence two. However, a second Adapter Synchronization does not occur. 
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It sometimes is desirable to automatically place the Channel Word in a Receiving 
Hunt status at the end of an outgoing message. The programmer can change the Channel 
Word by placing a special character at the end of the message. This special character 
is called Status Change Character (SCC), as described in Start-Stop Channel Words 
section and has the following bit pattern: 377 Gg. During a Scan Cycle the recognition 
of SCC automatically sets tlie four low-order bits of the F field to IGg and low-order 
bit in the G field to a logical Zero, i. e. , receiving status, if the Data-in line is a 
logical Zero and a timing change has occurred. The Data-in line being a logical Zero 
with a Timing Change signifies that the last character has been transmitted. Depending 
upon the high-order bit of the F field (Continuous Hunt), sequence three or four as pre- 
viously described is initiated. 

Table 5 gives the Synchronous Channel Word Format ~ Send Status. 



TABLE 5 



Name Field 

Word Address W 

Character A 

Last Timing B 

Character Length C 

Not Used D* 

Not Error D 

Data Transfer Check D 

Action E 

Character Control F 

Status -Macro G 

Assembly/Distribution H 

Word Parity 

*A11 unused bits must be logical Zeros in Synchronous Send Channel Words. 



If a communication channel has been inactive, i. e. , hold status, or the direction of 
data flow has changed from receive to send, it is necessary to use the first active Scan 
cycle to synchronize the adapter with the Process Control. In the new send Channel 
Word, the programmer must set the Character Control Field, F, to 14g or 34g. On 
the first active Scan cycle, the Channel Word automatically performs the following 
functions: 

1. The Last Timing bit is reset to a logical Zero. 

2. A Data Transfer Check is inhibited, and the Transfer Check bit reset to a 
logical Zero. 
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Position No. 


47- 


-34 


33- 


■32 


31 




30- 


-27 


26- 


-25 


24 




23 




22- 


-20 


19- 


-15 


14- 


-12 


11- 


-1 


P 





3. The Adapter Sjaichronization line is set to a logical One. 

4. CSDRbits 11-1, 26-25 and 23 are cleared. 

5. CSDR bit 24 is set to a logical One (not error). 

6. The first character of the message is obtained from Process Storage. 

7. The Character Control field is reset to OOg or 208 ^°^ ^^^^ as a bit counter. 

Channel Errors 

A Channel Error is defined as an error that was detected by the 7750 which occurred 
between the Process Control character assembly/distribution area and a remote 
terminal. The detection of a channel error is automatic but the indication of the error 
as to its identity, where it occurred, and the corrective action to be taken is the re- 
sponsibility of the program. 

The present components attached to or contained in tlie 7750 may produce three 
different types of channel errors on high speed and two different types of channel errors 
on low speed communication channels. 

Low Speed Channel Errors 

A. Data Transfer Error 

Tlie detection of this error is based on the same principles described in the 
Data Transfer Check Section. The Data Transfer Error can only be detected on 
channels in sending status. 

B. MCA Parity Error 

This type of error can be detected on all low speed channels, regardless of 
their status. The Multiplexing Channel Adapter has a storage with 32 Control words, 
sub-divided into 4 eleven-bit Control characters. Each Control character in the 
Storage is checked for odd parity. If on a matched Scan cycle (i. e. , when the MCA 
Control character that is read out contains information for the same channel whose 
CWD is located in the CSDR at tlie same time), the MCA detects a parity error; this 
eri'or is indicated to the Process Control via the Adapter Control Interface Error 
line. 

C. Indication of Low Speed Channel Errors to Program 

Control Storage Data Register bit position 13 is used to tag the Start/Stop Chan- 
nel Word when an error occurs. Bit position 13 is called the Not Error bit, i. e. , 
CSDR 13 a logical Zero indicates an error condition. When a channel error occurs, 
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the Not Error bit is automatically set to a logical Zero. If the Start/Stop Channel 
Word is active (Not Hold status), the address of the Channel Word is placed in the 
Channel Service Register, Service Mode is requested, the Channel Error trigger 
(CSR8) is set to a logical One, and the Channel Check trigger on the operator's 
panel turned on, provided that: 

1. CSDR 13 is a logical Zero - indicating an error. 

2. Channel Service Mode has not previously been requested. 

3. Service Mode has not previously been requested. 
High Speed Channel Errors 



Control Storage Data Register bit position 24 is used to tag the Synchronous Channel 
Word when a Data Transfer Check occurs. Bit position 24 is called the Not Error bit, 
i.e., a logical Zero in CSDR 24 indicates an error condition. The detection of this 
error is based on the same principles described in the Data Transfer Check Section. 
When a Data Transfer Check occurs, the Not Error bit (CSDR 24) is automatically set 
to a logical Zero, the address of the Chaimel Word is placed in the Channel Service 
Register, Service Mode is requested, the Channel Error trigger is set to a logical 
One, and the Channel Check trigger on the operator's panel is turned on, provided that: 

1. CSDR 24 is a logical Zero. 

2. Channel Service Mode has not previously been requested. 

3. Service Mode has not previously been requested. 

Time-Out Tag and Interlock associated vilth High Speed Adapter 2 for half and full 
duplex channels are discussed later in the HSA Section. When a high speed adapter 
detects one of the above errors, the adapter changes the address lines of the adapter 
control interface so Uiat a CWD different from the normal CWD will be accessed the 
next time tlie adapter is selected. For each error condition a unique CWD is accessed 
in Control Storage. Hereafter, this new CWD will be called Error Channel Word and 
uses a Start/Stop CWD format with a character length field greater than 13g (See Table 6). 
The addresses in Control Storage are used to identify the type of error and the channel 
on which the error occurred. 

When the ECWD is accessed CSDR 13 is set to a logical Zero, the address of the 
ECWD is placed in the Channel Service Register, Service mode is requested and the 
Channel Error trigger (CSR 8) turned on, provided that: 
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TABLE 6 



ERROR CHANNEL WORDS 



Position No. 



47-34 Word Address 

33-32 Character 

31 Last Timing 

30-27 Character Length 

26 Not Hold 

25-23 Not Used 

22-20 Not Used 



19 



Not Used 



18-15 Character Control 

14 Start Stop 

13 Not Error 

12 Send/Receive 

11-1 Assembly Area 



leld 




Logical State 






Interlock 


Carrier ON 


Time-Out Tag 




Half Full 


Half Full 


Half Full 




Duplex 


Duplex 


Duplex 


W 


(a) (a) 


(a) (a) 


(a) (a) 


A 












C 


(b) 


(b) 


D 


(c) 


(c) 


D 


(a) 


(a) 


E 


(a) 


(a) 


F 


(a) 


(a) 


F 


(d) 


(d) 


G 








G 


1 


1 


G 








H 


(a) 


(a) 



(b) 


(b) 


(c) 


(c) 


(a) 


(a) 


(a) 


(a) 


(a) 


(a) 


(d) 


(d) 








1 


1 








(a) 


(a) 



(b) 


(b) 


(c) 


(c) 


(a) 


(a) 


(a) 


(a) 


(a) 


(a) 


(d) 


(d) 








1 


1 








(a) 


(a) 



(a) Maj' be used by tlie programmer. 

(b) Must be 178 - 148 

(c) Must be a logical one to activate ECWD. 

(d) Used to clear error condition from adapter. 
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1. CSDR 26 (Not Hold) is a logical One. 

2. CSDR 18-15 contains OOg. 

3. Channel Service Mode has not previously been requested. 

4. Service Mode has not previously been requested. 

in all cases except a Time-out Tag error, the Channel Check light on the operator's 
panel is turned on. 

Identification of Channel Errors 

Any type of channel error for high or low speed channel will automatically turn the 
operation of the IBM 7750 to the Service Mode. The program written for the Service 
Mode must have efficient routines for the quick identification of the specific error mdi- 
cated and for the initiation of the corrective actions. 

The program must examine the settings of the error bits (bits 11-8) in the Channel 
Service Register in order to execute the proper routine. Since each of the three high 
order bits in the CSR represents one Process Control error, and only bit 8 can indi- 
cate one of the five different types of system errors, the programmer should check 
bit 8 first. The next step for the programmer to do is to examine the contents of the 
7 low order bit positions in the Channel Service Register, and through cross references, 
identify the chaamel being in error and the type of error. Once the error and the source 
is identified, the desired action can be initiated without delay. 

Corrective Actions for Channel Errors 

There are no set rules or methods for handling channel errors; each error condition 
depends entirely on the configuration and requirements of each individual system appli- 
cation aaid must be presented in the system specifications. However, certain possi- 
bilities may be pointed out on a general level. The environment of a communication 

,1 _r Ui^i^^a voDiiltincr in pffpnts rfiCOBTlized aS 

network sometimes may oe me suurue ux v^wnuiuiv^ixo xv.^^ — » «- ^ 

errors when no error occurred. Therefore, the programmer may follow a principle 
of trying out the error indication first and be sure of the presence of the signal error 
before initiating a complicated error procedure. To do this, the programmer must 
eliminate the error indication by resetting Channel Words to Not Error status and keep 
a count for each error type, by channels at certain memory locations. If the indicated 
error has been a legitimate error, the Service Mode will repeatedly be requested m con- 
secutive scan cycles for that specific channel after each resetting and the count will 
rapidly reach the pre-determined number required to execute certain error rouUne. At 
this time, the counter must be reset, since it is possible that the same "illegitimate" 
error counts. 
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The 7750 machine operation should be kept in the Service Mode for as short a time 
as possible. The 7750 should only initiate, but not execute error routines in this Mode. 
Executing error routines in the Service Mode would block other channels from obtaining 
service for this or other modes. 

In the case of a Time Out Tag Error, the Service Mode Program must load the 143 
adapter synchronization pattern into bit positions 18-15 of the affected Error Channel 
Word right after the identification of the error. This resets the error condition in the 
Channel Adapter. 

If a "legitimate" error condition is found, the Service Mode Program must inactivate 
the channel by setting bit positions 26 and 14 of the Error Channel Word or the regular 
Channel Word (depending which one is used for indicating the error) to logical zeros 
before turning control over to the error-handling Mode. If no provision is made for 
this action, control will be repeatedly turned over to the Service Mode for the very same 
error, until the error is corrected. 

If the correction of a system error requires a comparatively long time, the traffic 
of the affected channel most likely will be rerouted. Normally, the computer will 
initiate such aji order. However, the system specifications and the 7750 program must 
have made provisions for these cases in advance. 

The Service Mode Program must turn the Channel Error Bit (bit 8) in the Channel 
Service Register off before the Service Mode request bit is turned off in the Mode Request 
Register. This should be done by the instruction immediately preceeding the one that 
turns the Service Mode request bit off. If the instruction for turning the Channel Service 
Register off is given sooner, the contents of the 7 low order bit positions of the Channel 
Service Register may be destroyed before the Service Mode Program is able to complete 
the necessary identification procedure. Each time an End of Block condition is recog- 
nized in a Channel Word, the machine logic first examines the status of the Channel 
Error Bit in the Channel Service Register. If this bit is off (logical Zero) and the Chan- 
nel Service Mode request bit is off in the Mode Request Register at the same time, the 
Control Storage address of the Channel Word requesting service is placed in the 7 low 
order bit positions of the Channel Service Register. The Channel Service Mode request 
bit IS turned on in the Mode Request Register, This will happen, regardless whether 
the Service Mode request bit is on or off. Only the "on" status of the Channel Error bit 
prevents the machine logic from destroying the error indicating Channel Word address 
or Error Channel Word address in the Channel Service Register. 

On the other hand, if the Service Mode Program failed to turn the Error Channel Bit 
off. the Channel Service Mode would be blocked for all channels until the bit is turned 
off. The Channel Error bit can be turned off by a (LOD) Load instruction specifying the 
Channel Service Register (C or 4) as an R register with blank or zero S field- this 
instruction resets the four high order bits (bits 11-8) in the Channel Service Register 
at the same time. 
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Action Delaying Feature 

In some cases, when working with high speed lines, it is necessary to take some action 
relative to this line more rapidly than the normal IBM 7750 program is able to do. It 
also may be necessary to take this action after a delay of several character times. The 
sequence of recognizing a character, waiting one or more character times, and then 
taking some action relative to a high speed line will be called the "Action Delaying 
Feature". An example of its use may be found in SABRE-type systems, in which it is 
necessary to recognize the Go AHEAD character, wait one character time, and then 
raise the NEW SYNCH line to the subset. 

The Action Delaying Feature enables the programmer to automatically change the E, 
F, and G fields of the Channel Word during character transmission. These new fields 
are stored in predetermined locations in Process Storage and must be loaded by the 
program. They are addressed by the position of the Process Control Channel Scanner, 
which supplies A and the two low-order bits of W. The new E, F, and G field locations 
for Process Control channels 1-16 are permanently wired into addresses 37774, Og to 
37777, 3p, respectively, 

A channel is put into the Action Delaying mode by setting the low-order bit of the E 
field to a logical One in the appropriate Channel Word. A count equal to 3 minus the 
desired number of character delays is inserted into the two high-order bits of the E 
field. Using a wire-in decoder, the IBM 7750 then examines in parallel the contents of 
the H field searching for the Action Delay character, during Character Interrupt. One 
Action Delay character decoder is provided for each machine. 

When the Action Delay character is recognized, the low-order bit of the E field is 
turned off and the two high-order bits incremented. During each succeeding Character 
Interrupt cycle, the two high-order bits are incremented until they change to logical 
Zeros, signifying tliat the E, F, and G fields are to be changed- at this time. The new 
fields are automatically transferred into the Channel Word during the E cycle of Char- 
acter Interrupt. These fields will contain the bit pattern necessary to affect the desired 
change in action of this channel. 



Character Interrupt 

Character Interrupt is the interruption of a normal machine cycle for the purpose of 
transferring a received character to Process Storage or obtaining anew character from 
Process Storage for transmission (Figure 15). The execution of a program is not dis- 
turbed at the time Character Interrupt occurs. However, Character Interrupt does 
delay the program by one machine cycle. If a mode change should occur just before 
Character Interrupt, the Mode change is delayed by one machine cycle. 
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The Character Interrupt trigger is set when a complete character has been received 
or transmitted. The address of the Channel Word is held in the Control Storage Address 
Register during the Interrupted Process Cycle. The Address (W) in tlie Channel Word 
addresses Process Storage prior to the interrupted I cycle. During the Interrupted I 
cycle, the Process Storage is read, and the character is transferred via the character 
bus. In Start-Stop Send, SjTichronous Send, and Start-Stop Receive, eleven bits are 
transformed to or from the character distribution of character assembly area. In 
Synchronous Receive, only those bits specified by the Character Length in the Channel 
Word are transferred to the Process Storage. At the end of the interrupted I cycle, the 
word in the PSDR is read back into Process Storage, and the Channel Word Address (W) 
is incremented. If the five low-order bits of the incremented character address are all 
Ones, Channel Service is requested. The Chaimel Word is re-stored at the end of the 
interrupted P cycle and Character Interrupt is terminated. 



Channel Service 

A Channel Service program obtains new blocks of storage for receiving channels, and 
locates the new next block of a sending chain for sending channels. The programmer 
must prepare a program for this function. The end of a block in storage is detected 
when the 3 low-order bits of W and the 2 low-order bits of A are all Ones. These five 
low-order bits request Channel Service. If the Channel Service Mode Request and 
Channel Error bits are off and the Channel Word does not indicate an error condition, 
the contents of the Control Storage Address Register are transferred to the Channel 
Service Register. This preserves tlie address of the Channel Word requiring service. 
The Channel Service Mode Request trigger is turned on, and a mode change occurs at 
Uic appropriate time. The Channel Service Mode Select trigger initiates the Channel 
Service prograin and the Channel Word Address is set to the starting address of a new 
block of storage. When Channel Service Mode is complete, the Channel Service Mode 
Select and Request triggers are reset. 

The failure of a channel to get service before a complete character has been received 
will result in the loss of the character. If a complete character is transmitted before 
Channel Serxdce is obtained, logical Zeros will be transmitted as the next character. 



TRANSmSSION BETWEEN THE COMPUTER AND THE 7750 

Two registers, the Interface Control Register (IFCR) and the Interface Data Register 
(IFDR), are used in conjunction with the necessary control circuits to transmit data or 
control information to the computer from the 7750 or to receive data control information 
from the computer. These tAvo directions of transmission are the 7750 Out and In opera- 
tions, respectively. The Interface Control Register is shown in Figure 6. The Interface 
Data Register is a one character buffer used to facilitate the character transfer. 
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The In Operation: Transmission from the Computer to the IBM 7750 

In Mode 

Transmission of data from the computer to the IBM 7750 can be initiated by the 7750 
program. The program brings up the Attention line to the computer via the Attention 
bit in the IFCR. The computer will then bring up the Attention Response line to the 7750, 
which resets the Attention bit. 

The computer must be programmed to bring up the Control line or Write line to the 
7750. This may be done with or without a prior Attention from the 7750. The Control 
line will set the Control trigger of the IFCR and the In trigger of the Mode Request 
Register; the Write line will set only the In trigger of the Mode Request Register. This 
will set a Command Response trigger, the output of which is sent to the computer on the 
Command Response line. The 7750 will then go into the In Mode, and the program will 
examine the IFCR to determine whetlier Write or Control was given by the computer. 
The In Mode program will turn on the Copy trigger of the Mode Request Register (MRR), 
leaving the In trigger on. At the beginning of the next I cycle. Copy Mode commences. 
Sometime prior to entering Copy Mode, the prograin will have set up the Copy Word 
with the beginning (W) address and ending (Limit) address of the location where the data 
is to be stored. In tliis connection, it is required that the programmer establish a maxi- 
mum length for messages received fi'om the computer. This determines the Limit of 
the Copy Word. 

During In Mode, it is the responsibility of the programmer to insure that the IFDR 
is cleared before entering Copy Mode. 

Copy Mode 

When transmitting from the computer to the 7750, the latter, by setting the Service 
Request trigger on, will ask for a character every 14 microseconds provided the com- 
puter answers by turning on the Service Response trigger and placing a character on the 
Write bus within 6 microseconds after the request. Should the computer reply with a 
Service Response wiOiin the required time, the 7750 will normally transfer the char- 
acter to the appropriate location in the Process Storage Data Register (PSDR), and pro- 
ceed to tlie next character. When in Copy Mode, the 7750 will increment the W Address 
in the Control Storage Data Register (CSDR-W) after each transfer of a character from 
the IFDR to tlie PSDR, 

During normal operation of Copy Mode, the CSDR-W will be placed in either Process 
Storage Address Register 2 or PSAR-1 in order to bring out of Process Storage the word 
into which the incoming character will be stored. The address register used is con- 
tingent upon the portion of the machine cycle during which the transfer takes place. 
Address transfer will not tal<e place during Character Interrupt because the Character 
Bus is in use at this time. 
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Interruption or Termination of the In Operation 

The normal transfer of characters into Process Storage may be interrupted or 
terminated for several reasons. 

When the five low-order positions of CSDR-W become ones, the D character addressed 
contains the 11 high -order bits of the address of the next Block in the chain. These 11 
bits are transferred to the high-order positions of the CSDR-W and PSAR-1, and the 5 
low-order bits of CSDR-W and PSAR-1 are cleared. This procedure sets up the correct 
Process Storage location for the next incoming character at the loss of one storage cycle. 

Simultaneously with the five ones test, the W Address and Limit of CSDR are com- 
pared. If the addresses compare, the allotted storage space has been exhausted and 
the present or any future character of this message will not be received, unless the 
programmer prepares a new chain for the remainder of the message. A successful 
comparison of the Address and Limit of the Copy Word in CSDR will set an Address 
Compare trigger, reset the Copy Mode Request trigger, and cause the IBM 7750 to go 
into In Mode. 

The In operation will be terminated if the computer sends the Stop signal. When the 
Stop Signal occurs without a Service Response, the IBM 7750 will ignore any character 
sent at the same time the Stop signal is transmitted. Stop will reset Copy Mode Request, 
and cause the 7750 to revert to In mode. In this case, the In mode program will turn on 
tlie End trigger of the IFCR after it has completed the necessary housekeeping which 
normally follows the termination of Copy Mode. If the 7750 program detects that an 
Address Compare caused termination of the In operation (by the Stop trigger being off), 
the decision is left to the programmer whether the End trigger or the Unusual End trig- 
ger of the IFCR should be set at the end of In Mode housekeeping. 

The IBM 7750 will exit from Copy Mode with the address contained in the CSDR-W 
equal to one character location more than the location of the last character stored. The 
Block Control Character is not considered a Character location in the chain. 

The com^'^uter ma*^^ send a Ser\T.ce Pes'^onse and a ^to^^ si^'n^^ a^ ^h*^ sam*^ f-inno in 
this case, tlie IBM 7750 will accept the character from the computer. 

No character transfer, address incrementing, or address test can be performed 
during a Character Interrupt cycle. 

A Copy Delay trigger is used to control the time at which Copy Mode operations are 
initiated and terminated. It delays the start of Copy Mode operations until a particular 
cycle time is reached and also delays the termination of Copy Mode into the next I cycle 
following the reset of the Copy Mode Request trigger. Prolonging Copy Mode operations 
at the termination of Copy Mode is necessary to complete the character transfer in pro- 
gress. If Channel Service is requested, the Copy Delay trigger will delay the In opera- 
tion until such time as the 7750 returns to Copy Mode to complete the In operation. 
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Copy Proceed and Inhibit Triggers 

The IBM 7750 proceeds with the In operation by sampling the status of various 
triggers every 14 microseconds. The purpose of sampling is to control acceptance 
of characters from the computer to allow for conditions which interrupt character 
transfers. A Copy Proceed gate is used to control the sampling, which in turn de- 
termines ajiy of the following conditions: 

(a) The Character Interrupt trigger is on. 

(b) The Service Request trigger is on. The computer has not answered the last 
Service Request. 

(c) The Address Compare trigger is on. 

(d) The Five Ones trigger is on. 

(e) The Copy Mode bit of the MRR is off. 

(f ) The Z Timeout trigger is on. 

If one or more of the above conditions exists, Copy Proceed will set the Inhibit 
trigger which will be used to stoj) the generation of various character transfer gates, 
(he generation of the next Service Request, the incrementing of the CSDR-W, and the 
generation of various reset pulses. In this maimer, the normal transfer of characters 
to Process Storage will be controlled. 

In order to block incrementing tlie CSDR-W imtil the first character is accepted, the 
Inliibit trigger will always be on during the first half-cycle of In or Out operation. It 
can only be reset at Copy Proceed time during Copy Mode status if none of the six pre- 
viously mentioned conditions ai'e present. This prevents the IBM 7750 from proceeding 
Willi any character transfers luitil the condition causing the Inhibit has been removed. 

If the Stop trigger of IFCR is on at Copy Proceed time, the Copy Mode Request bit 
of the MRR will be reset. 

The Inhibit trigger controls gates used for character transfer. An exception is the 
gate from transferring the character address from CSDR-W to either PSAR-1 or PSAR-2. 

Method and Conditions for Generating a Service Request 

There are three separate conditions where a Service Request will be issued during 
Copy Mode for the purpose of requesting transmission of a character from the computer. 

The 7750 will issue a Service Request at the start of a message due to a different set 
of conditions than during the message transmission. If the In Mode Request trigger is 
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on, and tlie Service Response trigger off, the Ser\'ice Request trigger will be set on 
when the Copy Delay triggei' is set on. This is the only circumstance under which a 
Service Request may be issued while the Inhibit trigger is on. 

Service Requests will be made by the 7750 after each Copy Proceed if, at Copy Pro- 
ceed, the Inhibit trigger was off and the Copy Delay trigger was on. No Sei'vice Request 
will be issued at any time if the IFCR Stop trigger is on during the time that the In Mode 
Request trigger is on. 

If the Inhibit trigger is off during Uie time when the Copy Delay trigger is on, Service 
Response will be reset immediately after Copy Proceed, but before another Service 
Request is issued. 

A Service Response oi- a Stop Signal will reset the Service Request trigger. 

It is desiraljle to prevent the associated computer from tying up the 7750 in Copy 
Mode while the latter is waiting for a Service Response from the computer. The count- 
down counter in positions 11 through 1 (Z field) of the CSDR will be used to count the 
number of 7750 cycles which elapse from the time a Service Request is issued until the 
computer responds with a Service Response. The program will set all the Z field bits 
to logical Zeros before stating the Copy Mode Request bit of the MRR. The Z counter 
is decremented mid then tested once each Copy Mode cycle. If all the bits in the Z field 
become logical Zeros before the computer responds with a Service Response or a Stop, 
the Cojiy Mode Re<iuest trigger of the MRR will be reset. The program will return to 
Out oi' In Mode, where it must determine the reason for leaving Copy Mode. The pro- 
gram will check the IFCR for normal completion of the mode. It can also check the 
Coi)y Word for an Address Compare or a failure of the computer to respond. Having 
determined the reason for leaving Copy Mode, the program will take the desired action. 



The Out Operation: Trmismission from the IBM 7750 to the Computer 

The Out Mode Ojieration for Knfry Into Copy Mode 

The Out operation is similar to the In oj^eration previously described, although the 
data flows in the o))posite direction. Much of the logical circuitry is common to both 
operations. The Inhibit, Cojiy Delay, Address Compare, and Five Ones triggers are 
used for botii ojierations. Pa-leL-cnce \\i\\ be made to the In operation when this will 
reduce rci)elilion. 

Transmission of dnta from the 7750 tf> the computer can be initiated by the 7750 pro- 
gram. The program firings u)) the Attention line to the computer via the Attention bit 
in the IFCR. The computer will then bring up the Attention Response line to the 7750, 
which resets the Attention bit. The computer must be programmed to bring up either 
the Read or Sense line to the IBI\I 7750. The Read line will set the Out bit of the Mode 
Request Register. The Sense line will set the Sense bit of the IFCR and the Out bit of 
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the Mode Request Register (MRR). See Figure 7, The output from the Out bit of the 
MRR is sent to the computer on the Command Response line. The subroutine for Out 
Mode will examine the IFCR to determine if the Sense bit is on. Sometime prior to 
entering Copy Mode, the program will have set up the Copy word with the Address (W) 
and Limit of the chain to be transmitted to the computer. The program will then set 
the Copy bit of tlie MRR, lea\4ng the Out bit on. The Copy Mode has higher priority 
than Out Mode, and consequently the IBM 7750 will go into Copy Mode at the start of 
the next I cycle. 

Copy Mode Character Transfer 

When transmitting from the 7750 to the computer, the former, by turning on the 
Service Request bit will indicate that it has placed a character on the Read bus. This 
will be done twice every 28 microseconds providing the computer accepts characters 
at this rate, and providing the 7750 is not interrupted by such conditions as described 
for the In operation. The 7750 will test the Servdce Response trigger every half cycle 
for tlie existence of a Service Response. When the computer responds by accepting a 
character and giving a Service Response, the 7750 will transfer the next character from 
the Process Storage to the I FDR, and issue another Service Request. 

Interruption or Termination of the Out Operation 

The Out operation is terminated by circumstances similar to those in the In operation. 

As in the In operation, a test is made on the Copy word for five Ones in the lower 
order bits of the CSDR-W. Similai-ly, the new Block location, in the case of a successful 
test, will be accessed from the PSDR while in Copy Mode. 

A test is made for equality of the W Address and Limit of the CSDR, as in the In 
operation. If the addresses compare, tlie 7750 has transmitted the contents of the cur- 
rent chain, and the Copy ]\Iode Request ti'igger will be reset, causing the 7750 to revert 
to Out Mode. 

If neitiicr the Address Compare test nor the Five Ones test is successful, CSDR-W 
is placed in PSAR-2 or PSAR-1 in order to access the Process Storage character which 
is to be transmitted to the computer. The character is taken from the PSDR, placed in 
the IFDR \da the Character Bus, and tlie Service Request bit is turned on. The CSDR-W 
is again incremented, tmd the previous two tests repeated. 

The computer may terminate Out operation by sending a Stop signal which sets the 
Stop bit of the IFCR. The last character will be available to the computer on the Read 
bus at this time; the computer has the choice of taking or ignoring this character. The 
Stop signal will reset Copy Mode Request, and cause the 7750 to revert to Out Mode. 
The End or Unusual End triggers will then be set as was done for the In operation. 
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The 7750 will exit from Copy Mode with the CSDR-W equal to one character location 
further in the chain than the location of the last character transmitted. The Block Con- 
trol Character is not considered a character location in the chain. 

After a successful Address Compare, the 7750 will not exit from Copy Mode during 
the Out operation until the Service Response is received. This acknowledges that the 
computer has accepted the final character, which was on the Read Bus at the time. The 
Z field counter previously mentioned will prevent the 7750 from becoming stalled in 
Copy Mode for lack of a computer Serxace Response. 

The computer can give either a Read or a Sense command to the 7750 without the 
7750 giving a prior Attention signal. 

A Character Interrupt, a mode change to a higher priority mode, or a failure of the 
computer to provide a Service Response signal within a specified time will insert delays 
between transmission of characters. 



LOADING THE IBM 7750 



Load Trigger and Load Cotrntcr 

A Load trigger in the IFCR controls the loading and unloading of complete 48 bit words 
to and from Process Storage. This Load trigger can be set from the Load button on the 
Operator's panel or by the 7750 program. When this trigger is on, the 7750 responds 
to a Read, Write, Sense, or Control command from the computer in a manner different 
from that previously described. It will execute the Out or In operation normally except 
that IG characters of 3 bits each will be stored in or transmitted from a single word. A 
four-bit Load Coimter will be used to control the number of characters which can be 
loaded into each word. The 16 characters, which comprise one word, will be placed 
into or received from the 1, 2, and 3 positions of the IFDR and will be stored in or 
taken from PSDR positions 47-45, 44-42, 41-39, 38-36, 35-33, 32-30, 29-27, 26-24, 
23-21, 20-18, 17-15, 14-12, 11-9, 8-6, 5-3, and 2 -P under control of the Load Counter, 
When a complete word is assembled into the 7750, position P, the word parity bit, will 
be checked to ensure proper loading. The Load Counter is reset after each 16 count and 
when tlie Load bit of the IFCR is reset. 



Loading Under Program Control 

To load or unload the IBM 7750 by program, the IBM 7750 is put into In or Out mode in 
tlie same manner tliat was followed in the previous sections. When in Out or In mode, 
however, the appropriate program sets the Load trigger of the IFCR, The program 
then sets up the W address and Limit and turns on the Copy Mode Request trigger. 
Loading or unloading starts fi'om the W address of the Copy Control word and continues 
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in sequential storage locations until the computer signals Stop (during Load) or the 
Limit and W address of the Copy word compare (during unload). 

After a complete word has been assembled or transmitted from a given word address, 
the W address of the Copy Control word is incremented by 1 word location, or 4 char- 
acter locations, in oi'der to access the next word in Process Storage. 

The 3-bit bji,e transmission is continued in the normal In or Out mode. No test for 
five-ones will be made when the Load trigger is on since it is necessary to store or 
access words from all addresses. 

When loading or unloading is completed, the IBM 7750 proceeds to the program de- 
termined by the MRU. 



Loading Under Manual Control 

The IBM 7750 must be in a Prograin Stop status at the time the operator initiates a 
manual load. All triggers and registers can then be reset by utilizing the Reset Switch 
or the Clear Switch, depending upon whether the storages are to be cleared or to re- 
main unchanged. 

Pressing the Load button will then set on: 

1. Load trigger of the IFCR 

2. Manual Load trigger 

3. Attention trigger of the IFCR 

4. Mode Change trigger 

5. Stop-Start trigger 

The manual load trigger is kept on until the first word has been loaded or unloaded. 

During the time when the Manual Load trigger is on and no Read or Write command 
is received from tlie associated computer, the Mode Change trigger will be kept on. 
This prevents the 7750 from executing instructions and, consequently, stopping due to 
an Op code parity error on the words which were previously reset. A Write command 
from the computer sets the In trigger of the MRR. Because the Manual Load trigger 
is on, the Copy Mode Request trigger wll be set on immediately, allowing the Mode 
Change trigger to be reset. Wlien tlie Copy P-Word is read out for the first time during 
manual Load, it is reset, so tliat loading starts from address zero in Process Storage. 
When the 7750 goes into In mode, tlie In mode P-Word is reset when first read out causing 
the In mode program to start at tlie instruction in address zero of the Process Storage. 
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The Address Compare for tlie first 16 characters is iiiiiibited by the Manual Load 
trigger. This trigger is reset when the first word has been assembled into the PSDR. 

When loading of sufficient instructions is completed, the IBM 7750 will revert to In 
or Out mode because of a Stop signal, Address Compare or Z timeout condition. There- 
after, any further loading \vill be under control of the instructions previously loaded. 

During both manual and program loading operation, the 7750 continues its scanning 
of the Process Control Channels. The programmer must take precautions to ensure 
that the scanning does not interfere witli the loading routine. The Control Storage must 
be loaded by the 7750 program, which also resets the Load trigger of the IFCR on com- 
pletion of the loading routine. The Z counter operates in tlie same manner as for normal 
data transfers. That is, when the Z counter is decremented to all zeros it causes the 
7750 to exit from Copy Mode. However, the Z counter will not cause the machine to 
exit from Copy Mode until Uie first word has been completely loaded under manual load 
conditions. 

As in the normal data transfer operation wliile in Copy Mode only, In Mode or Out 
Mode may be requested at any one time, but not both. 



PROGRAMMING ASPECTS 



Z Timeout Trigger 

During 7750 operation, it is desirable to prevent the computer or console from setting 
the Stop trigger in the IFCR when the 7750 is not in Copy Mode. This allows the pro- 
grammer (by testing the Stop trigger) to get a true indication of the reason why the 
machine left Copy ]\Iode. Otherwise, the Z counter may decrement to all Zeros and 
there is a remote chance that the Stop trigger may be set on after the 7750 leaves Copy 
Mode but before the programmer can test it. He might then draw an incorrect conclusion 

that tllP pnmnntpv r-aiisprl tlip ovif frnm C^r\n\r Mnrlo Tlio nvno-T-ammoT" m mr /-"onaoniionfl -ir 

branch to the wrong place in his program. 

To ensure correct operation, the output of the Stop trigger is gated with the output of the 
Z Timeout trigger. This trigger is set on when a "Z-counter-all-Zeros" condition is 
detected. It is turned off whenever Stop or Service Response are on during any of the 
succeeding times when the machine re-enters Copy Mode. While the trigger is on.the 
output of the IFCR Stop trigger is de-gated to the character Bus, thus making it appear 
to the pi-ogrammer that tlie Stop trigger is not on. 

If the programmer finds the Stop trigger off after exiting from Copy Mode, and no 
address compare occurred, then he assmnes that the Z counter decremented out. Should 
Stop come after tlie Copy Mode exit, the programmer can do one of two things: 
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a. He can set Copy Mode Request and will accept one chai'acter before exit again. 

b. He can give End or Unusual End to the computer if he loiows by system operation 
that the "Z coimter = 0" signal means an inoperative computer. (In the case of 
the 7750 console, the Z counter may decrement to zero many times between 
cards even though the card reader is operational). In this case the computer 
End Response will reset Stop and the Z Timeout trigger. 



Copy Address Compare and "Five Ones" Simultaneously 

A problem arises when the programmer wishes to exit from Copy Mode because of an 
address compare and he wishes to store all 31 characters in tlie last Block. He cannot 
place an address with 5 low order ones on the Limit unless he chains onto this last 
storage Block another Block from which to get the new W address since it is necessary 
to exit from Copy Mode with the W address one more than the location of the last char- 
acter stored. (And the Block Control Character is not considered to be a position in 
the Block). Under these conditions the W address at the time Copy Mode is finished 
caimot be predicted, 

A solution to this problem is to place all zeros in the Block Control Character of the 
last Block and maJce the Limit all zeros. When the "five-ones" condition occurs, the 
D field will be accessed and will set the W address to zero also. The zeros in both 
addresses give an address compare and cause a correct termination of Copy Mode. 



Interface Parity 

The 7750 computer interface uses ODD parity. TMs odd parity is generated in the high 
order bit of the IFDR when the 7750 is imloacUng. When BCD or other character codes 
are being sent on the Read Bus, the 7750 program will insert the odd parity bit. No 
parity check is wired in for incoming characters on the Write Bus. However, as 
mentioned in the section on loading, a parity check is made on all 48 bits when the 7750 
has completed tlie loading of a full word. 



Continuous Read or Write of One Storage Location 

A method exists in the Copy Mode controls for continuously reading and writing one 
address in Process Storage. The programmer may execute this type of an operation 
for diagnostic purposes by setting up a Copy P-Word such that the Z field contains 
logical Zeros in all but the low order bit position.which has a logical One. The con- 
tents of the W address will be the storage address to be used. The programmer will 
tlien set on tlie Copy bit of the MRR leaving the In and Out bits OFF. This forces a Z 
timeout on tlie first cycle and tlie Z timeout trigger can then be used to hold the Inhibit 
trigger on during subsequent times that the program re-enters Copy Mode, The ad- 
vantage of such a system is that two storage accesses per 28 microsecond cycle are 
possible, significantly faster than the same operation carried out by 7750 instructions 
only. No Service Request will be given to the computer by this method. 

- 73 - 



Use of Address Compare 

This section discusses tlie usage of Address Compare for Copy Mode termination. 
First, for In Mode, if the addresses compare and the allotted storage space has been 
exhausted, the present and any future characters of this message will not be received, 
unless the programmer prepares a new chain for tlie remainder of the message. The 
"present" character means that a Service Request is issued by the 7750 at the time 
when it finds that the Limit and W address compare. If the computer or console send 
a Service Response, then any information sent will not be accepted by the 7750. This 
extra Service Requiest may be prevented only if the computer or console gives a Stop, 
delayed by no more than 4 microseconds from the time tliat the previous Service Response 
was sent, 

A more difficult situation develops when the programmer attempts to terminate the 
output transfer of characters from the 7750. In order to transmit to computers at a 
maximum speed of 2 characters per machine cycle, it becomes necessary to set up the 
next Process Storage address before the Service Request for the previous character has 
been sent. Consequently, when a computer or console sends a Service Response followed 
by a Stop^two address increments may take place after the last character was sent. It 
is, therefore, inadvisable to permit this type of termination of output operations. Alterna- 
tively, the operation should be terminated by one of the following methods: 

A. Address Compare 

B. Stop issued during the time Service Request is on and not accompanied by a 
Service Response. 



ERROR CHECKING 



Checks 

1. Full Word Transfer Check — When full words are transferred between Control 
Storage Data Register and Process Storage Data Register, the parity bit P is also trans- 
ferred and an odd parity check is made on the word in each register. 

2. Parity Check — Process Storage and Control Storage have a parity bit P asso- 
ciated witla each word. Before writing into either storage, P is generated so that the 
word has odd parity. An odd parity check will be made after reading a word from 
eitlier storage. 

3. Instruction Register Parity Check — An odd parity check is made on the Op 
code, bits 1-10, and Flag data, bits 12 and 13, of the Instruction Register and the parity 
bit. Bit position 11 is the parity bit located in Process Storage Data Register, and will 
be generated by tlie assembly program or whenever any changes are made in this field of 
tlie Instruction Word. 
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4. Clock Check — The clock in the IBM 7750 is checked for (a) multiple pulses 
or (b) no pulses. 

5. Channel Check — There are 16 Channel Check lights mounted on the operator's 
panel, one for each 7750 Process Control Channel. Since each high speed communi- 
cation channel is connected to one 7750 Process Control Channel through a high speed 
channel adapter, each light numbered represents a corresponding high speed communi- 
cation channel. Therefore, if a Channel Check light goes on, it means that a channel 
error has occurred in the high speed chaimel associated witli that light. 

For low speed operations, when a Channel Check light goes on, it indicates that 
a data transfer error has occurred on one of the low speed chaimel communication 
channels attached to the MCA; or that an MCA storage parity error has occurred. How- 
ever, the number of the Channel Check light is not associated witli the low speed com- 
munication channel in error but with the MCA it is connected to. 



Error Procedure 

The error procedure is to set the error trigger and to either request Service Mode or 
stop the machine. Pwo types of errors, clock check and instruction parity check, will 
always stop the macliine. A channel check will always request Service Mode. The 
remaining checks, fidl word transfer check and parity check (PS or CS), can stop the 
7750 or request Service Mode. Whether to stop the machine or request Service Mode 
depends on the position of the Check Switch on the operator's panel. If the Check Switch 
is set to the Service position, the 7750 will go into Service Mode when either one of the 
two errors occurs. 

The Full Word Transfer, Process Storage Parity, Channel Check, and Control 
Storage Parity Check triggers are actually part of the Channel Service Register. Pro- 
gram instructions can stoi'e or reset these positions. If it is desired to bring the 7750 
to a Program Stop status while the Check Swtch is set to Service position, the program 
must execute an instruction which contains an even parity configuration in the Op Code 
ajid Flag data field. 

If tlie Check Switch is set to the Stop position, the Full Word Transfer Check, and the 
Process Storage or Control Storage Parity Check can set their respective triggers when 
a corresponding error occurs. However, the IBM 7750 clock will continue to step. 
Towards tlie end portion of the Execute cycle, provided a Character Interrupt or the 
second Execute cycle of a two-cycle instruction is not being processed, the Start/Stop 
trigger will be set to Stop status. With the Start/Stop trigger on Stop status, the IBM 
7750 clock will stop within the Instruction cycle of the next machine cycle. 

When a clock error is detected, the 7750 will reset the clock immediately. When an 
instruction parity check is detected, the instruction will be extended and the stop trigger 
set on, causing a normal machine stop at the end of the instruction. In all cases, when 
one of the errors discussed above occurs, the corresponding check trigger is set and a 
check indication will appear on the operator's panel. 
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OPERATOR'S PANEL 

The Operator's Panel (Figure 16) contains the following three groups of switches and 
lights. 



Power Controls and Indicators 

Switches Lights 

Thermal 
Power Off/Power On Power On 

DC On DC On 

DC Off Circuit Breakers 

Blower 



Control Switches 

The Stop Switch sets the Stop/Start trigger to Stop status at the end of execution 
time of a machine cycle provided the 7750 is not processing a two cycle instruction or 
a Character Interi'upt. If either one of these conditions exists, the IBM 7750 clock will 
continue to step until the two cycles instruction or character interrupt is completed. 

When the Start/Stop trigger is set to Stop status, the clocks will continue to step until 
the early part of I time of the next machine cycle. 

The Start Switch starts the clock and resets all check triggers. The IBM 7750 must 
be in Program Stop status for this switch to be effective. 

The Reset Switch generates a manual Power-On- Reset. The IBM 7750 must be in 
Program Stop status for the switch to be effective. 

The Clear Switch clears both Control Storage and Process Storage and resets all 
registers and triggers. The IBM 7750 must be in Program Stop status for the switch 
to be effective. 

The Service Mode Switch sets the Service Mode trigger on provided the 7750 is in 
Automatic status. 

The Load Switch sets the Load trigger in the Interface Control Register enabling the 
associated computer to load the 7750. The 7750 must be in Program Stop status for 
this switch to be effective. 

The Channel Reset Switch resets all Channel Check indicators. 
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The Check Switch , when set in the service position, causes the 7750 to enter Service 
Mode when certain checks occur. When this switch is set to the Stop position, the 
7750 will go to Program Stop status when certain checks occur. 



Operation Monitors 

The Load Light indicates that the IBM 7750 is loading when the light is on. 

The Automatic Light indicates that the IBM 7750 is under the control of its own 
program. 

The Check Light goes on whenever an error occurs in the Process Control Rack. 

The Channel Check Lights , one light for each channel, indicate that a channel error 
has occurred. 

The Mode Status Lights , one for each mode, indicate which mode the 7750 is in. 

The Program Stop Light goes on when the IBM clock stops. 

The C. E. Test Light goes on whenever the IBM 7750 is in C. E. Test Status. 
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CHANNEL ADAPTERS 



The communications system of a customer may be comprised of a number of different 
types of communications services. For example, there are telegraph machines, 
operating at 60, 75, and 100 wpm, emplojdng both polar and neutral signaling. A variety 
of digital subsets, made by the communications companies, are used. Few of these 
devices employ the same signal levels, or bit rates, but they must all be integrated into 
many TELE-PROCESSING systems. In order to economically join the IBM 7750 to a 
customer's system, various channel adapters are used. 

These chaimel adapters, according to type, perform a variety of functions. Some 
types of channel adapters control digital subsets, while others time-multiplex a number 
of low speed communications channels into one or more high speed channels. 

The principles underlying the design of the various adapters are tliose of providing 
flexibility to meet the needs of the customer, while talcing advantage of the power of a 
stored program processor, to reduce the cost and complexity of the equipment per com- 
munications line. 



TYPE 1 MULTIPLEXING CHANNEL ADAPTER 

The Type 1 Multiplexing Channel Adapter (MCAl) is a channel concentrator, and speed 
changing device. It derives data from a number of incoming channels by a scanning and 
sampling technique, and transfers tliis data, together with timing which it generates, to 
the Process Control Rack. The MCAl accommodates up to 28 low speed, half-duplex 
chaimels plus 1 test channel and commimicates with the Process Control Rack via one 
or more high-speed commimications chaimels. The maximum bit rate on a channel con- 
nected to an MCAl is dependent on tlie number of low speed channels into the MCAl, the 
nmnber of high speed channels into the Process Control Rack, and the number of Process 
Control Rack chaamels to which tlie MCAl is comiected. 

The low speed chainiels are divided into Low Speed line adapter sets of four channels 
each and all chaimels within a set must operate at the same bit rate. 

There are a total of seven sets available per MCAl. The bit rate per feature may be 
ajiy value up to the limits imposed by Tables 13 and 14. The bit rate per set is con- 
trolled by a sample clock oscillator (SCO). Each set may be controlled by a different 
SCO or any combination of the seven sets using the same SCO may be used if the bit rate 
limits of tlie above mentioned tables are not exceeded. The bit rate for any set can be 
field changed. 
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Equipment Configurations 

The MCAl is made up of several basic pieces of equipment. They are: the low speed 
basic equipment package, the Multiplexor Storage Data Register with its controls, and the 
Transmit-Receive Scanner equipment. The basic equipment package contains hardware 
used in conjunction with other MCAl's. As many as 4 MCAl's can be attached to the 
basic equipment package. 

If a second MCAl is added to a 7750 already containing one MCAl with its basic 
equipment package, some additional circuitry will be requii'ed in the basic package 
plus the addition of a storage data register with its controls and Transmit-Receive 
Scanner equipment. Each MCAl controls seven sets (four communication channels to 
a set) plus one test channel. Since one 7750 can be connected to four MCAl's, it can 
serve a total of 112 low speed communication chaiuiels and 4 test channels. 

The equipment configuration for the 7750 was chosen to realize the advantages and 
accompanying cost reduction of using common circuitry in certain portions of all multi- 
plexing channel adapters. All MCAl's which share a portion of the low speed basic 
equipment package operate in sjoichronism. Because of this, all such MCA's must scan 
tlie same nimiber of chaiuiels, although it is not reqviired that all channels be utilized in 
each MCAl. In general what occurs in one MCAl can be assumed to happen in each of 
the other MCAl's which share the basic equipment package. 



General Operation 

The MCAl operates with both the Process Control Rack and the communication channels 
on a bit by bit basis. That is, the MCAl sequentially scans the communication channels, 
obtains bits one at a time from each channel, stores them in abuffer, and later transfers 
them at tlie proper time to the Process Control Rack. On transmission, the MCAl takes 
bits one at a time from the Process Control Rack, stores them, and at the proper scan 
time for the particular chaiuiel, transmits the bits one at a time to the proper remote 
terminals. The transfer of bits between the MCAl and the Process Control Rack is by 

Process Control Rack in the following way: 

The MCAl scans each of the commmii cation channels for 14 usee every 14 n usee, 
where n = nmnber of low speed channels connected to the MCAl, The scanning is done 
at a rate which insures that at least 10 scajis will be taken, and thus 10 samples can be 
taken during a bit time for the fastest bit rate into the MCAl. This, then, is the re- 
lationship between the number of low speed channels into an MCAl and the maximum bit 
rate on any low speed chaimel. The particular scajis during which data samples are to 
be talven are controlled by a channel timing circuit. Associated with each speed group 
of low speed chaimels is a channel timing circuit, whose binary output changes exactly 
ten times during a bit time for the rated speed of tliis group of low speed channels. If 
during the scan of a particular chamiel, the output of the channel timing circuit is 
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different from its state during the previous scan of this channel, a data sample is taken 
and a sample counter is incremented. Similarily, consecutive scans determine additional 
samples until sample count 6 is reached. The sainple at count 6 is taken as the value for 
this bit and is stored in the MCAl. Also, during sample count 6, a timing bit associated 
with this low speed channel is complemented. At some subsequent scan, prior to the 
following sample count 6, the Process Control Rack senses the reversal in the Timing 
bit for this channel, and accepts the bit stored in the MCAl for this low speed channel 
as the next bit from the channel. The sample counter is reset on either sample count 
10, or a detection of a level change in the sampled data. 

On output, the MCAl always traiismits to low speed channels on sample count 6, and 
the sample counter is reset on coiuit 10, except when elongated stop bits are to be sent. 
In the latter case, the counter is not reset on ten but on a count equal to the number of 
tenths desired in the stop bit, e. g. 14 for teletype. This number can be assigned any 
value between 1 and 1. 5 integer bit periods by pluggable pins on a circuit card. Between 
consecutive coimts of 6, the MCAl obtains a new bit from the Process Control Rack. 
The exact scan time depends on the position of the precession of the Process Control 
Rack scan with the MCAl scan. 



Distortion 

Receiving distortion is the percentage by which the actual bit width varies from that of 
the perfect bit width at the Communication Line Terminator Interface. In receiving, 
several types of distortion must be considered. However, in general, distortion due to 
transmitting speed can be separated from distortion due to lengthening or shortening of 
bits. Due to sampling methods used in the 7750, speed variations are more significant 
when trying to receive a large number of consecutive identical bits. The following two 
formulas may be used to compute tlie allowable distortion due to both speed variation 
and other types of distortion. 

1. 0.3996 - .OOIN = L 

2. 0.5005 - .OOIN - 2.01P - S 

B 
where 

N = Number of consecutive identical bits 
B - Normal bit period 

P = Normal scan period for the chajinel of the MCAl. This is equal to (nimiber • 
of channels scanned by MCAl) x 14 us. 

Formula one gives the percentage of one normal bit period that may be added by dis- 
tortion to N consecutive identical bits before a sampling error will occur. This per- 
centage is L. Formula two gives the percentage of a normal bit period that may be 
subtracted by distortion from N consecutive identical bits before a sampling error 
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will occur. This percentage is S. Note that S is dependent upon the number of chan- 
nels scanned by an MCA, and upon the normal bit period. To clarify the use of these 
formulas, consider the following example: 

Transmission rate 75 bits/second 

MCAl scans 25 channels 

Bits may be lengthened or shortened due to bias distortion of 20% 

N = 6 



therefore 




L = 0.3996 - 


.006 


S = 0.5005 - 


.006 


S = 0.5005 - 


.006 



= .3936 - 0.39 

- 2.01 X 7.5 X 2. 5 X 1.4 X 10"^ 

- .0528 = 0.44 

Since bias distortion may account for 0. 2 bit width variation, this must be subtracted 
from L and S to find what distortion can be introduced by speed variations. 

therefore 

L = 0.39 - 0.2 = 0.19 
S = 0.44 - 0.2 = 0.24 

The speed tolerance can now be found by dividing L and S by 6, the number of consecutive 
identical bits which are to be properly sampled. Therefore, each transmitted bit must 
be written its normal length by 

1 + .19 
6 

1 - .24 



or the bit may be varied from 1. 03 to . 96 of its normal width. Hegardless of trans- 
mitting speed and tiie number of channels scanned by an MCAi, the worst case condition 
occurs when P = 0. 1 B. This condition implies that in the worst case, no single bit may 
be lengthened by more than 40% or shortened by 30%. Note that in actual practice, P is 
generally much smaller then 0. IB. 

When transmitting from an MCAl, the following distortion formulas give the amount, 
in fractions of a normal bit width, by which a group of consecutive identical bits may be 
lengtliened or shortened. 

Amount group lengthened = 0.001 NB + 1.005 P 
Amount group shortened = 0.001 NB - 1.005 P 
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where 

N = Number of consecutive identical bits 
B - Normal bit period 

P = Normal scan period for this channel of the MCAl. This is equal to (number 
of channels scanned bj^ MCAl) x 14 us. 

The worst case occurs when P == 0. 1 B. In most systems P will be much smaller. A 
single bit may vary, from about 90% of its normal length to about 110% of its normal 
length. 



DETAILED DESCRIPTION 

The MCAl is divided into six functional units (Figure 17): 

(1) Address Register 

(2) Chaimel Scanner 

(3) MCAl Buffer 

(4) Multiplexor Storage Data Register 

(5) Data Contx'ol 

(6) Adapter Control Interface 

Address Register 

The address register is a five stage binary counter used for sequential addressing of the 
commiuiication channels. The register's binary output, together with two wired-in bits, 
supply the 7 bit address sent to tlie process control rack for addressing control storage 
during a scan cycle. The value of the wired-in bits depends on which MCAl (A, B, C, 
or D) is being used. When decoded into a 4 out of 32 output, the Address Register 
addresses the MCAl buffer X read-write drivers, X gates, Y read-write drivers, and 
Y gates. Also when decoded into a 2 out of 12 output, the register addresses each of 
the MCAl scanners simultaneously. The 2 out of 12 output is obtained by decoding the 
first two positions of the coimter to determine 1 of 4 possible outputs. The remaining 
three positions are decoded to determine 1 of 8 possible outputs. The 1 of 4 output 
serves as the Y address for the channel scanner matrix; the 1 out of 8 output serves as 
the X addi-ess for the scanner matrix. The X address also divides the 29 possible chan- 
nels into sets of four channels each with the exception of the test channel; thus, the X 
address gates the appropriate channel timing circuit into data control. The address of the 
test chaimel is always 34 octal in each MCAl and the speed of its channel timing circuit 
is selected by a switch on the Com mimi cation Line Terminator (CLT). 
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Channel Scanner 

The channel scanner is a 4 x 8x3 matrix of AND gates conditioned by the decoded 
output of the address register. It is used for routing the input and output data between 
CLT and the MCAl's Multiplexor Storage Data Register (MSDR). Figure 18 shows the 
addressing, and gives an example of chaimel assignment. If less than 28 channel plus 
1 test channel are scanned, the assignment of matrix points may tal^e an even number 
of sequential addresses beginning with zero. Provisions are made to change the number 
on which the address register resets and the nmnber to which it resets, according to 
the number of channels to be scanned. The address register automatically skips to the 
test channel from the last communication channel scanned and then resets to address 
zero. Each point in the matrix consists of three AND gates, one each for routing Data 
Out = 1, Data Out - to CLT \da Output latches, and Data In. 



MCAl Multiplexor Storage 

The MCAl Multiplexor Storage (MS) is a 32 word, 4 characters per word, 11 bits per 
character, core storage buffer which stores Multiplexor Control Characters — one 
for each communication channel connected to an MCAl. The first character of each 
MS word is reserved for channels connected to MCAl-A. The 2nd, 3rd, and 4th char- 
acters of each word are reserved for channels connected to the respective second, third, 
and fourth MCAl's possibly associated with a 7750 Programmed Transmission Control 
S J' stem. 



Multiplexor Storage Data Register 

The Buffer Data Register is an 11 bit register from which multiplexor control characters 
are accessed. Associated with each of the communication channels connected to the 
MCAl, there is a multiplexor control character which stores the information required 
for tlie data derivation and multiplexing process. The multiplexor control character 
contains a single bit of data buffering, plus nine control bits used by the MCAl to con- 
trol the transfer of data to and from the communication channel. An eleventh bit pro- 
vides character parity. Format of the midtiplexor control character is as follows: 

Bit Name Number of Bits Position 

Data Bit 1 1 

Last Data Sample (LDS) 1 2 

Send/Receive (S/R) 1 3 

Last Clock Sample (LCS) 1 4 

Sample Coimter (SC) 4 5-8 

Timing 1 9 

FSB 1 10 

Parity 1 H 
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The functions of these bits are described below: 

1. The data bit is a single bit used to buffer tlie asynchronous transfer of data 
into and out of the MCAl. 

2. The last data sample in receive operation stores the previous data sample from 
the channel. In send operation, it is used to store the value of the data in the channel 
output latch. 

3. The Send/Receive Bit controlled by the Process Control Rack tells the MCAl 
the transmission status for this particular channel. 

4. The Last Clock Sample Bit stores the status of the Channel Timing Circuit for 
this line during the previous MCAl scan for this channel. 

5. The Sample counter is a four stage binary counter which is incremented upon 
a detection of a change in status of tiiie Channel Timing Circuit, Reset of the counter 
is caused by any of these four conditions: 

(a) change in the S/R bit 

(b) transition in the sampled data 

(c) count of ten 

(d) count of n 

6. The Timing Bit furnishes line timing status to the Process Control Rack for the 
channel associated with this multiplexor control character. In particular, the bit is 
complemented on each count six of the sample counter, 

7. The FSB Bit is turned on by Process Control for a channel in send status to cause 
the MCAl to elongate the stop bit being transmitted to the Start-Stop Terminal connected 
to this chajinel. The FSB Bit is turned on by Process Control for a channel in receive 
status to degate the complementing of the Timing Bit when Process Control has received 
a complete character. 

8. The Parity Bit provides character parity for checking buffer storage operation. 
This parity bit is used to generate odd parity before writing into storage and is checked 
at tlie end of every read time. 

Data Control 

Data Control is the miscellaneous control logic with which the MCAl integrates the pre- 
vious four sections to perform the required functions of channel scanning, channel timing 
generation, and data transfer to and from the communication channel and the Process 
Control Rack. 

Of particular significance in Data Control are the Channel Timing circuits. Associated 
with each group of common speed channels is a Channel Timing Circuit whose binary 
output level changes ten times during a bit time (for tlie rated speed of the channel). The 
Channel Timing Circuit consists of a highly stable oscillator connected to a driver which 
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drives a binary trigger whose output is changing at a constant rate — exactly ten times 
per bit period. Each level change in the trigger's output is interpreted as a sample 
time and ten samples are counted as a bit time. Thus if the channel is operating at 
exactly its rated speed, there will be exactly ten samples taken during a bit time. 
Should the channel be operating at some speed slightly slower than its rating, the ten 
samples per bit would be tal<en in a bit period of time less than the actual bit time which 
was transmitted. If several consecutive identical bits, say 14, were transmitted at this 
slower speed, it is possible that 15 bits would be derived from the channel instead of 
the correct number of fourteen. To prevent such inaccuracies from occurring, the 7750 
must perform within certain transmission speed tolerances. See Section on Multiplexing 
Channel Adapter. 



MCAl OPERATION 

The MCAl derives bits from the lines by a scanning and sampling technique. The scan- 
ning operation is performed synchronously with the Process Control Rack and asynchro- 
nously with the communication channels; however, the sampling operation is asynchro- 
nous with both the Process Control Rack and the communications channels. Sampling 
is done at a rate which insures that ten samples will be taken with sufficient accuracy to 
permit terminal distortions as described in the Section on Distortion. Since sampling 
is performed asynchronously, it follows that data transfers to and from the MCAl are 
asynchronous; tlius, a multiplexor storage is needed. 

To explain the detailed operation of the MCAl, the following symbols are defined: 

I No. of Scan Points cormected to the Process Control Rack (PCR). 

N No. of PCR scan points to which an MCAl is connected, 

i No. of PCR scans between consecutive scans on a particular MCAl, 

n No. of low speed channels connected to MCAl. 

Two 14-microsecond scan cycles of the MCAl are performed during one scan pro- 
cess cycle sequence of Control Storage. The relationship of these cycles is shown in 
Figure 19. It can be seen tliat on alternate scans of the MCAl, the Control Storage is 
in a Scan Cycle. On each i^h Scan Cycle of the Control Storage one of the N channels to 
which tlie MCAl is attached is being scanned by the process Control Rack. It is during 
these coincidences of scan cycles that data may be transferred to (or from) the Process 
Control from (or to) the multiplexor control character associated with the communi- 
cations channel being addressed by the MCAl Channel Scanner. For simplification, i is 
assumed to be constant in tliis section; that is, the MCAl is connected to the Process 
Control Rack channels which are evenly spaced. 

The 14 microsecond scan cycle per line is divided into three phases as shown in 
Figure 19. In general, phase 1 consists of reading out the multiplexor control character 
for a particular MCAl chaimel address. Phase II consists of modifying the control char- 
acter as required and initiating data transfers to and from CLT and PCR. Phase EI con- 
sists of writing the modified control character into multiplexor storage. 
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TIMING 

The PCR performs a 10 microsecond scaji every 28 microseconds. The MCAl performs 
two 14 microsecond scan cycles every 28 microseconds. Thus the MCAl scans two low 
speed channels while the PCR is scaiming one high speed channel. In addition, the MCAl 
is connected to N Scan Points of the PCR and these N Scan Points are spaced i Scan 
Points apart in the scanning sequence. 

To facilitate explanation of the timing relationships between the PCR MCAl and com- 
munications channels, a specific example will be used where I = 15, N = 3, i = 5, and 
n = 29. It will also be assumed that the maximum bit rate on any communication chan- 
nel into the MCAl is 200 bits per second (bit period of 5 msec). Figure 20. 

It can be seen from Table 7 that the MCAl goes through ten complete scanning se- 
quences of the 29 channels between times that the PCR sees a particular MCAl channel. 

With the maximum bit rate of 200 bps or the minimum pulse width of 5 ms. , with 10 
channel timing circuit transitions taJcen within each bit time, and with the relationships 
given in Figure 20 sliowing that the MCAl scans a particular communications channel 
every 406 microseconds, it is assured that a scan, and tlms a sample, can be talcen at 
least once during each channel timing circuit period of 500 microseconds. 

Furthermore, it can be seen that the PCR scans a particular low speed channel at 
least every 4. 06 milliseconds and that every channel will be scanned by the PCR at 
least once during every bit time. 

Since transmission is as^aichronous to the IBM 7750, the beginning of a bit time can 
occur at any point with respect to the beginning of the timing chart of Table 7. For 
purposes of explmiation, it will be assumed that the beginning of a bit time for low 
speed channel 10 occurred at microsecond 105. This new bit will be recognized at 
time 140 when the MCAl next scans chatmel 10, and sample 1 will be counted. Suc- 
ceeding samples are coimted at times 546, 1358, 1764, and 2170 until sample 6 is 
counted nt time 257 6; At sample 6, data is taken from the channel and stored in the 
data bit of the multiplexor control character and its timing bit is complemented. At 
time 3794, tlie PCR is scaiming this MCAl and the MCAl is scanning low speed chan- 
nel 10. Thus the PCR sees low speed channel 10. Since the timing bit for this channel 
is cUfferent from the last timing bit in the channel control word for this channel, the PCR 
Imows that a new data bit is stored in bit 1 of the multiplexor control character and it 
accepts this as a new bit from tliis channel. Since the PCR sees a given low speed chan- 
nel every 4,06 milliseconds (less than minimmn bit time), it is possible, by virtue of 
the asjaichronism just explained, to see a particular bit twice. However, the bit is not 
accepted Uie second time since the timing line is not reversed. All clock timing signals 
needed in tlie MCAl other than the Channel Timing Circuits are supplied by the central 
clock in tlie PCR. 
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ERROR CHECKING 

A feedback loop from the communications channels to the MCAl is provided to check 
for the correct transmission of data to the communication channel. 

In send status when the MCAl transfers a bit to a channel's output latch, the LDS 
bit is made to match the bit in the output latch. Checking for correct line transmission 
of the bit in the output latch is done just prior to changing the output latch for the next 
bit. The status of the LDS bit and the status of the sending channel fed back through the 
MCAl input scanner are compared. If they do not compare, an error latch is set. This 
causes the MSDR data bit to be different than the last data bit transferred from the PCR. 
The PCR will detect this difference as an error during the next coincident scan in which 
a timing line reversal has been detected and activate its error circuitry. 

This comparison gives an error check on the operation of transferring bits from the 
control storage distribution area to the MCAl and subsequently to the communications 
channels. In addition, the operation of the input scanner is checked. 



TYPE 2 IUGH SPEED CHANNEL ADAPTER 

The Type 2 High Speed Channel Adapter (HSA2) adapts one or two 7750 scan points, 
depending on half duplex or full duplex service, to an IBM terminal provided with STR 
(Synchronous Transmitter Receiver), such as the IBM 7701 Magnetic Tape Trans- 
mission Terminal or the IBM 1009 Data Transmission Unit. The HSA2 requires no 
clocking information from the subset provided by tlie communications company and 
generates its own bit synchronization from a ci-ystal controlled oscillator and bit clock 
which corrects its own strobe on received data. No character assembly is done by 
HSA2 as the data moving operation is serial by bit between the Process Control Rack 
and the Communications Line Terminator (CLT). HSA2 accepts bits from the Process 
Control Rack and transmits them through the CLT to the remote terminal. On receiving, 
HSA2 samples infoi-mation serially to the Process Control Rack, Figure 21. HSA2 is 
capable of operating at 600 or 1200 bits per second. The operating speed of an HSA2 
may be selected from the 7750 operator's panel subassembly by the customer. Each 
HSA2 may operate at eitlier of the two speeds mentioned. 

HSA2 may operate half duplex or full duplex. Wlien operating half duplex HSA2 re- 
quires only one 7750 scan point. However, two scan points are required for full duplex 
operation — one each for tlie send only and receive only channels. HSA2 may be changed 
from half duplex to full duplex. 

HSA2 provides one bit buffering and speed changing between two interfaces in both 
directions. On the one side HSA2 exchanges information with the Process Control Rack 
via tlie Adapter Control Interface. On the other side HSA2 transmits or receives infor- 
mation to CLT wliich in turn relays this information to the communications line. 
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ACIF Operation 

Each time the Process Control Rack Channel scanner is Incremented a new select line 
is generated. This select line is said to come from one of the IBM 7750 Scan Points. 
When HSA2 becomes selected its seven bit Control Storage address is gated onto the 
ACIF. The Process Control Rack uses this address to access the channel word, CWD, 
for HSA2 from Control Storage. Once the CWD is in place in the CSDR a transfer of 
information occurs across the ACIF causing HSA2 and the Process Control Rack to take 
different actions. The Channel Word is written back into Control Storage and the chan- 
nel scanner is incremented to the next scan point. During this select period the bits 
derived by HSA2 are transferred to the Process Control Rack or the next bit to be sent 
by HSA2 is transferred to HSA2 to be buffered until Transmit Strobe Time. 



Transmitting 

To transmit a message the programmer first sets up an output chain in Process Storage 
and moves tlie CWD to its proper location in Control Storage. The format of this CWD 
will be Synchronous Send described under Data Transfer Check. When HSA2 is selected 
it will raise the Request to Send line of the CLT Interface and initialize the Timing and 
Data In lines of the ACIF in response to the Adapter Synchronization received on the 
ACIF. Timing changes will not be allowed until the Character Phase Counter counts 
through zero. The next time HSA2 is selected there will be a logical difference between 
the Timing line of ACIF and bit 31 of CSDR, last timing bit. On such a difference the 
Process Control Rack will transfer the next bit to be transmitted by HSA2 on line #2 or 
#3 depending on the logical value of the bit. HSA2 accepts this bit and buffers it until 
Transmit Strobe time when it is placed on the transmit data line of the CLT Interface 
for Transmission. At Transmit Strobe time the timing lines of ACIF is complemented 
and tlie logical value of the Transmit Data line is fed back to the Data In line of ACIF. 
The next time HSA2 is selected the Process Control Rack sees another change of the 
Timing Line and gates tlie next bit to be transmitted onto ACIF and checks the value of 
the Data In line with the previous bit sent to HSA2. If Data In does not agree with the 
last bit sent to HSA2, a Data Transfer Check occurs. This process continues until the 
last bit of tlie last character has been transferred to HSA2 via the ACIF when the Process 
Control Rack performs a character interrupt to get the next character to be sent. Fol- 
lowing the last character to be sent, the programmer has placed the Status Change Char- 
acter, sec, and it is placed into the assembly area of the CWD as the next character to 
be sent. This is recognized by the Process Control Rack and preparations are made to 
turn tlie line around to receive. After sufficient time has elapsed for the last bit to be 
fully transmitted HSA2 is changed to receiving hunt status and an Adapter Synchronization 
is given to HSA2 via tlie ACIF. HSA2 is not in an inactive state. 

This description holds for both full-duplex and half-duplex operation of HSA2 with the 
understanding that when the send only channel of HSA2 is placed in receiving hunt status 
on full-duplex,it is placed in an inactive state and is not capable of receiving data. 
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Receiving 

When the IBM 7750 program is started the channel words are moved from Process 
Storage to Control Storage making the channels active. Normally the format of the 
CWD moved to the Control Storage location assigned to an HSA2 will be synchronous 
Receive. This word format will initially be set to receiving hunt. With the CWD in 
receiving hunt the Process Control Rack will shift bits as they are transferred from 
HSA2 through the extended assembly area of the CSDR looking for the character sync 
pattern. HSA2, however, will not be transferring bits to tlie Process Control Rack 
until it starts receiving data tlirough the CLT Interface. When data is received from 
the communications line the Carrier On line of the CLT Interface becomes a logical 
one. This line is then used as a logical gate to start allowing changes to occur to the 
Timing line of ACIF at Receive Strobe time. At Receive Strobe time the Receive Data 
line of the CLT Intei-face is sampled and tlie bit derived is buffered in a latch feeding 
the Data In line of ACIF. The Timing line is also complemented at Receive Strobe 
time. Wlien HSA2 is selected by the Process Control Rack channel scanner a difference 
occurs between the Timing line of ACIF and bit 31 of CSDR, Last Timing bit. The Pro- 
cess Control Rack knows from this difference that a new bit has arrived on the Data In 
line and gates it into the Assembly Area of CSDR. Process Control Rack also updates 
the value of bit 31 of CSDR to agree witli tlie Timing Line of ACIF so that the same bit 
will not be sampled twice. Bits are transferred to the Process Control Rack in this 
manner. When the Character Sync pattern has been recognized by the Process Control 
Rack the CWD falls out of receiving hunt and starts counting bits and moving assembled 
characters to the recei\ang chain for tlie channel when the number of bits assembled 
equals the character length specified in the CWD. 



Error Indication 

HSA2 is capable of calling program attention to two types of channel errors An.a a Service 
Mode request and interrupt of all lower priority modes. When indicating channel errors 
HSA2 mil change two bits of the seven bit Control Storage address to which it is assigned 
in order to access a Channel Word other than that used for normal operation. At the 
same time tlie Attention line of ACIF is brought to logical one and the Error line of 
ACIF may or may not be brought to logical one depending on the type of error. The 
next time HSA2 is selected by the Process Control Rack channel scanner the Error 
Channel Word is read into the CSDR. The error is recognized and service mode is 
requested. Also the address of tlie channel in error is moved to the channel service 
register for the program to interrogate. For details of this operation refer to the section 
on Channel Errors. 



Interlock Error 

The Interlock line of tlie CLT Interface is at logical one whenever the subset at the local 
end of the communications line of HSA2 has power on and its logical circuits are 
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functioning properly. If tliis line should drop to a logical zero when the 7750 has power 
on, the Interlock Error will be signalled to the attention of the program. HSA2 places 
logical ones on both the Attention and Error lines of the ACIF. The channel check light 
associated with the scan point to which HSA2 is connected will be turned on by the Inter- 
lock Error, 



Time -Out Tag for Half -Duplex HSA2 

When HSA2 has conipleted transmission of a message to a remote terminal it will be 
placed in receiving hunt via the SCC, Status Change Character. From the time tiiat 
HSA2 is placed in receive status to the time that the Process Control Rack recognizes 
the received character sync pattern and starts assembling characters and moving them 
to the receiving chain in Process Storage HSA2 is timing out. The duration of this time 
out cycle is three seconds. If the Process Control Rack has not recognized the char- 
acter sync pattern and assembled at least one character before this time out cycle times 
out, a Time-Out Tag will be signalled to the attention of the program. However, if a 
character has been assembled before the time out cycle times out, HSA2 will receive 
logical ones on the Character Complete line of the ACIF each time a new character is 
assembled. HSA2 uses these logical ones to replace the hold of the time out cycle to 
prevent a time out. 

The IBM 7750 program will use this Time-Out Tag as a signal that bit synchronization 
must be re-established with tlie remote terminal before proceeding with transmission. 



Time-Out Tag for Full-Duplex HSA2 

With full-duplex operation of HSA2, idle characters will always be received on the 
Receive Only channel when messages are not being received. When the 7750 sends a 
message on the Send Only chaimel to which it expects a reply a time limit for that reply 
is imposed by tlie hardware. This time limit is three seconds, the same limit as for 
Time-Out Tag on half-duplex. Again HSA2 has been given the responsibility for keeping 
track of this time. 

When the programmer sets up his message to be transmitted by the 7750, he inserts 
as tlie last two characters of his message first an Action Delay Character, ADC, and 
tlien SCC. When tlie ADC is brought into the assembly area of the CSDR a new Y field 
is transferred to the chaimel word of the Send Only channel having the Not Control Bit, 
bit 13 of CSDR, set to a logical zero. Then SCC is brought into the channel word which 
malces the Send Only chaimel inactive. The Not Control Bit of CSDR being at logical 
zero sets tlie Control Line of the ACIF to a logical zero. HSA2 interprets logical zero 
on the Control Line as a signal to start a three second time out cycle. If the Control 
Line of the ACIF is not replaced to a logical one before three second elapses, a Time- 
Out Tag ^\'ill be signalled to the attention of the program. However, if the Not Control 
Bit of the Channel Word had been restored to logical one by the program before three 



second elapses, HSA2 will receive logical ones on the Control Line of ACIF each time 
it is selected. HSA2 uses these logical ones to prevent the three second time out cycle 
from timing out. The Not Control Bit of CSDR Is restored to a logical one by the pro- 
gram when it detects the reply expected. This reply may be inserted in the middle of 
another record being received. 

The IBM 7750 program will use this Time-Out Tag as a signal that an Inquiry must 
be sent to the remote terminal asking for the reply to the transmitted record. 



Control Storage Address Assignments 

Each HSA2 requires 3 or 4 sequential addresses in Control Storage depending on whether 
HSA2 is operating half-duplex or full -duplex, respectively. Assignment of Control 
Storage Words is made according to Table 11. This assignment depends on the custo- 
mer's Channel Adapter Rack configuration. This section will only describe the arrange- 
ment within the sequential block assigned to an HSA2 of the normal channel word and 
error charmel words. For eitlier half-duplex or full-duplex there may be either a hori- 
zontal or vertical assignment of words to HSA2. 

Half-Duplex Vertical Assignment: 

00 is assigned to the normal CWD. 

01 is assigned to the error CWD for Interlock Error. 

10 is assigned to the error CWD for Time-Out Tag, 



Half-Duplex Horizontal Assignment: 

00 is assigned to the normal CWD. 

01 is assigned to the error CWD for Interlock Error. 

10 is assigned to the error CWD for Time-Out Tag. 

Full-Duplex Vertical Assignment: 

00 is assigned to the Receive only CWD. 

01 is assigned to the error CWD for Interlock Error. 

10 is assigned to the Send only CWD. 

11 is assigned to the eri'or CWD for Time-Out T^. 

Full-Duplex Horizontal Assigmnent: 

00 is assigned to the Receive only CWD. 

01 is assigned to the error CWD for Interlock Error. 

10 is assigned to the Send only CWD. 

11 is assigned to the error CWD for Time-Out Tag. 

In this discussion address bits represented by (-) are fixed and equal for each word 
address assigned to a particular HSA2. 
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Operator's Switches and Data Lights 

The Operator's Panel sub-assembly contains four sets of data lights and four rotary 
speed select switches. Each set of data lights indicate the six lines of the CLT inter- 
face. The operator can see at a glance the state of any HSA2 of four indicated on the 
sub-assembly. The operator may also change the operating speed of any of four HSA2 
in accordance with the speed of operation on the communication line. 



FM-STR Distortion 

For FM-STR operations, the receiving distortion is the absolute difference between a 
consecutive marking bit and a spacing bit (or spacing bit and marking bit) divided by 
four normal bit periods. This ratio is expressed as a percentage. 

Example: Two consecutive bits are found where the marking (space) bit is 750 us 
and the space (marking) bit is 250 us where a normal bit is 500 us 
(2000 bits/sec. ). The distortion is: 

4 (500) ° 

Distortion discussed does not include the effects of speed variation or drift between the 
controlling oscillators at each end of the communications facility. This is a separate 
subject Oiat will be considered by itself. 

Once bit synchronization has been established, distortion can be increased gradually 
and the STR clock will maintain the bit synchronization. However, if this highly dis- 
torted signal were traiismitted to a clock not in bit synchronization it might possibly 
never synchronize. Therefore tlie limiting point for distortion is that limit beyond 
which bit synchronization \vill not be established. 

In operation with tiie STR, it is the Idle character that is used to establish bit syn- 
chronization and hence character phase. This Idle character is of the form — Mark, 
Space, Space, 3 Marks, Space, Space. It is the two space bits in this character that 
allows synchronization to be established with a distorted signal. Synchronization can 
be established and maintained receiving Idle characters with up to 25% distortion. With 
over 25% distortion the HSA2 bit clock will start sampling the distorted bit twice ~ 
deriving false information. With exactly 25% distortion, reliable operation cannot be 
guaranteed. 



COMMUNICATIONS LINES TERjSIINATOR 

The Comnumications Line Terminator comiects common carrier equipment to the 7750. 
It chajiges common carrier voltage levels to those used in IBM circuits and changes 
IBiAI voltage levels to those used in communication channels. In addition to the CLT 
another modvUe, called the Telephone Line Adapter, may be obtained as an optional ' 
feature. This module contains equipment to convert IBM signal levels to certain 



telegraph signal levels. To perform these functions efficiently, the CLT: 

a. Provides a standardized interface to the common carrier. 

b. Is capable of switching off line to permit testing the processor without dis- 
turbing the communication lines. 

c. Permits customer reassignment of channels for service fault location. 

d. Permits customer selection and speed control of an extra low speed channel 
for fault location or temporarj' usage. 



e. 



Facilitates a diagnostic wrap-around of the entire machine under one control 
including the necessary line isolation. 



f . Provides a test pattern generator including the necessary timing pulses for 
use in testing individual high speed lines. 



General Characteristics 

The CLT is physically attached to the I-O frame of the 7750 and is connected externally 
to ttie 7750 by cable. The unit consists of one rack and panel type module with appro- 
priate covers and associated hardware. It handles low speed lines at transistor levels. 
When tlie low speed lines are handled at relay levels, an additional rack and panel type 
frame (Telegraph Line Adapter) is required. It is connected to the Basic CLT unit with 
10 feet of cable and contains tlie relays necessary for this operation. 

1. Low Speed Line Termination — The CLT can terminate a maximum of 112 lines 

at speeds up to 200 bps. When a Telegraph Line Adapter is used with the CLT, maximum 
line speed is 75 bits per second. The lines are half duplex consisting of one send circuit, 
one receive circuit, one signal ground and one frame ground for each low speed com- 
munication line. 

2. High Speed Line Termination — The CLT can operate with any high speed data 
subset of 1, 200 bits per second or less and conform to EIA Standard No. 232. 

3. Off line and Diagnostic Status — All high and low speed channels can be function- 
ally discomiected from the communication lines and subsets by depressing the wrap- 
around s\vitch. Wlien in the off line status, the send circuits of the off numbered channels 
are connected to the receive circuits of tlie next higher order channels to effect a paired 
wrap-around of two adjacent like chaimels for diagnostic test purposes. The wrap- 
around of the adjacent like chaimels will cause an echo to be simulated on each low speed 
line. Depressing the simulation switch causes a test pattern to be generated for testing 
indiAadual high speed channels. 
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Customer Facilities 

The CLT has a patchboard whereby the customer can alter the line to channel assign- 
ment. This permits the customer to localize a trouble fault, i, e. , IBM equipment or 
common carrier. 

Low Speed Patchboard 

The low speed patchboard has a two-ciixuit-line jack and a two-circuit-channel jack. 
The line jack refers to the common carrier and the channel jack refers to the 7750. 
The two jacks are internally connected in such a way that no plug is needed in either 
jack. Line No. 1 is comiected with chaimel No. 1, line 2 is connected to channel 2, and 
so on. Therefore, under normal operating conditions, no patch cores are plugged into 
any of the jacks. 

High Speed Patchboar-d 

The high speed patchboard has two multi-pin connectors. One connection refers to 
the common carrier and the otlier refers to the 7750. Connection between the two is 
established by a multi-wire patch cord. This patch cord must be externally connected 
by tlie customer for tlie high speed circuits to be operational. 

Low Speed Test Channels 

One low speed test chaimel is provided for each M. C. A. group specified in the 7750. 
By using this switch, the customer can select the speed of the test channel to match 
the speed of the line to which the test channel is patched. 

Effect of Patchboard on Programming 

If any change is made in the patchboard, the program must be altered to reflect the 
chaaige. This applies to a diagnostic wrap-around as well as on line. 



Diagnostic Facilities 
Sense Lines 

The CLT contains five sense lines. These lines, controlled by the computer, perform 
tlie following functions: 

a. Simulate carrier failure 

b. Restore carrier or interlock 

c. Simulate interlock failure 

d. Waster Reset 

e. Simulate echo failure 
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Lines a, b, and c are used in diagnostic programming to simulate high speed subset 
carrier or interlock failures. Lines d and e are used to control echo checks on the 
low speed circuits during transmit. All of the above sense instructions are operable 
only when in the wrap-around status. 

Clocking for High Speed Channels 

In oft line status or wrap-around condition, 2, 000 bps clocking (fot* test purposed 
only) is provided for all high speed channels. This clocking is used by those channels 
which require clocking from the subset, but is ignored by those channels not requiring 
clocking from the subset. 



LOW SPEED OPERATION (ON LINE) 

In the event that trouble is experienced on a low speed line, the customer can perform 
the following tests: 

a. Cross the line channel assignment; plug line 1 to Channel 2, line 2 to Channel 1 
and so on. Any crossing assignment may be made as long as line and Channel 
speeds are matched. From the result, the customer can predict whether the c 
common carrier line or IBM Channel is at fault. 

b. Patch the Taulty line into an unused channel of the same speed. From the results 
he can predict the source of trouble. 

c. Patch the. faulty line into a test channel. The speed 6| the test channel can be 
adjust^dl by a switch to match the Urje sp^ed. Froni titiese results he can also 
predict tlie source of the ti'ouble. If tlie trouble was lii a channel rather than in 
a line', the customer can continue opei-ation temporarily using the test channel. 

d. Wrap any two channels, including the test channel with a special patch cable. 



HIGH SPEEG OPERATION (ON LINE) 

Any two channel combinations may be crossed and analyzed in a manner similar to tiiat 
described for low speed operation. 



DIAGNOSTIC OPERATION (OFF LINE) 



Low Speed Wrap-Around 

The wrap-aroiuxd switch, when ON, causei? 9n echo to he generated for each low spjeed 
transmission channel. The diagnostic prograrti transmits on a channel and receives on 
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the paired channel. The program can compare the transmitted data and the received 
data to verify the operation. It must be noted that if any patching appears in the patch 
panel, it will alter the wrap-around combinations. 



Low Speed Sense Line Control 

The diagnostic program can impulse sense line e and thus inhibits the echo. The pro- 
gram can then transmit on each channel and expect to get an echo failure on each 
channel. The echo can subsequently be uninliibited by pulsing the master reset sense 
line. ^Vhenever sense lines d or e are pulses, a 10 millisecond delay is required before 
the next transfer of data. 



High Speed Wrap-Around 

High speed wrap-around is performed in the same manner as low speed. It is necessary 
that the patchboard configuration be recognized. 

High Speed Sense Line Control 

Sense line (a) can be pulsed to simulate a carrier failure and sense line (e) can be pulsed 
to simulate an interlock failure. Sense line (b) can be pulsed to restore these two lines 
to their normal status. 



Sense Line Timing 

All sense lines will perform properly on a pulse of 20 microseconds. The resultant 
functions are operative only when the unit is in off line status. 
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COMMUNICATIONS SYSTEMS DESIGN 



The Channel Adapter Rack of the 7750 has been designed to be extremely modular, so 
that the system designer can be quite flexible in his choice of a communications network. 
However, certain limitations do exist in the choice of channel adapter configurations, 
and the purpose of this section is to point thesfe out. 



PROCESSING CAPABIUTY 

Processing capabilities must be carefully considered when designing a system employing 
the 7750. Under certain circumstances it may be possible to accept more characters 
from the communications network, than the 7750 can process. For example, sixteen 
high speed lines receiving six bit characters at the rate of 1200 bits per second per line 
will put into the 7750 about 3200 characters per second. Experience has shown, however, 
that a typical processing job reqviires about 15 instructions per character, causing Pro- 
cess Storage to overflow. If a relatively complex editing job is to be done on the incoming 
messages, through-put will be reduced. Therefore, do not assume that the 7750 is capable 
of processing a given number of characters just because the scanning mechanism is 
capable of receiving them. The details of the processing task, as well as the peak loading 
of the communications system, and the duration of this peak must be carefully examined. 
The system designer caimot be sure that the 7750 has enough processing power for a job 
until these factors are Icnown. 



Channel Capabilities 

Certain requirements must be met when using the 7750 Channel Adapter rack. These 
are: 

1. Packaging Requirements 

2. Utilization of Process Control scan points. 

3. Utilization of Control Storage Words. 

Packaging Requirements 

The 7750 Chaimel Adapter rack contains a maximum of four 10 x 28 SMS card panels. 
Each variety of channel adapter requires one or more panels in the Channel Adapter. 
The panels may be mixed in a variety of ways to match system requirements. Table 8 
shows tlie packaging configurations of the various channel adapters. 



Utilization of Process Control Scan Points 

There are a total of 16 Process Control scan points which can be utilized by the 
Chamiel Adapters as sho^\^l in Table 9. Note that each MCA may be connected to 
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Type of Adapter 



MCA 



Type & Number of Lines 



0-56 Half Duplex 



Number of Panels Permissable Mounting Locations 



3 and 4 



MCA 



57-112 Half Duplex 



1, 3 and 4 



1 

O 


1 FM- 


-STR 


1 through 4 Half Duplex 


1 


1 






1 through 4 Full Duplex 

or 
Any combination of half 
and full duplex channels 
which total to four or less 





1 or 2 or 3 
or 4 



TABLE 8 



different numbers of scan points. The proper number to use is determined by the bit 
speed on the chamiels connected to tlie MCA, See Section on Input Bit Rates. 

Utilization of Control Storage Words 

Systems must not be designed which will use more space in Control Storage than is 
available. Eight words are reqmred to riui programs. The remaining 120 words may 
be assigned as channel words, with certain restrictions. Table 10 shows the number of 
Channel Words, and their function, required for each type of adapter. 

The location of these words in Control Storage must be done in a specified manner. 
The Process Control rack uses address 31, 63, 94, 95, 126, 127 (decimal) for process 
words. MCA's will be assigned blocks of Control Storage, starting with address 0, 32, 
64 and 96 (decimal). Addresses 28, 60, 92 and 124 (decimal) are reserved for test 
channels. When four MCA's are used, high speed adapters will be assigned blocks of 
four address, the low order five bits of which are constant, while the two high order bits 
change. Table 11 shows, as an example, how Control Storage Addresses would be 
assigned when four MCA's, each scanning 25 channels, and three high speed adapters 
are used. 

When less than four MCA's are used, high speed adapters are assigned blocks of four 
addresses, the high order five bits of which do not change, while the low order two bits 
do change. As an example, Table 12 shows the case in which two MCA's, each scanning 
29 channels, and eight, half duplex high speed adapters are used. 



Input Bit Rates 

The specifications in this section insure only that tlie 7750 will be able to get a bit from 
tlie commimications chaimel. It does not insure that die processing capability of the 7750 
is adequate to manipulate the total number of bits being received, or that information will 
not be lost due to too frequent demands for channel service. 

Also, the bit rates given in this section do not include the effects of distortion. In 
many cases, tlie bit rates given assume perfect bit shapes. If distortion shortens a bit, 
tlie equivalent bit rate is raised. For example, consider a transmission rate of 100 
bits per second, subject to 10% distoi-tion which may shorten the bit. The minimum bit 
lengtli is 9 milliseconds, corresponding to an equivalent bit rate of 111 bits per second. 
All bit rates given will still apply if the only effect of distortion is to lengthen the bit. 

The 7750 is designed so that the Process Control scanner must scan every communi- 
cation channel at least once during each bit time on that channel. Additionally, the MCA 
must tal-:e a certain minimmii nmiiber of scans per bit time on each channel. These re- 
quirements may be broken do^\'n into two cases, high speed adapters and the MCA, For 
botli cases certain terms \\ill be defined: 

H = total number of process control rack scan points used for all adapters. 

L - number of low speed chaimels connected to an MCA, including the Test Channel. 

N = number of main frame scan points connected to an MCA. 
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Type of Adapter 


Number of Main Frame Scan 




Points Required 


MCA 


1 or 2 or 3 or 4 


FM-STR 


2 


Full Duplex 




FM-STR 


1 


Half Duplex 





TABLE 9 
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Type of Adapter 



Number of Channel Words Required 



Purpose of Chal^nel Words 



MCA 



One for each simplex channel connected to 

each MCA 

One for each half-duplex channel connected 

to each MCA 

Two for each full-duplex channel connected 

to each MCA 



Send or Receive 



Send or Receive 



Send or Receive 



o 

00 



FM-STR 
Full Duplex 



Four 



1. Receive 

2. Send 

3. Interlock Error 

4. Time Out Tag 



FM-STR 
Half Duplex 



Three 



1. Send or Receive 

2. Interlock Error 

3. Time Out Tag 



TABLE 10 



CONTROL STORAGE WORD REQUIREMENTS 



Multiplexing Channel Adapter 

The Multiplexing Chajinel Adapter will operate with a variety of bit rates, generally at 
200 bits per second or less. RegarcUess of the operating speed, certain fundamental 
requirements must be specified. 

These are: 

A. Each MCA must scan an odd number of lines. The quantities, H, and L, must 
contain no common factors. 

B. Each MCA in an I-O frame must scan the same number of lines. This may 
mean scanning unused points in some MCA's. 

C. Up to seven different bit rates may be used in one MCA. These speeds are 
assigned in groups of four channels. Scanning conditions which insure that the highest 
bit rate will be properly scanned, insure that all lower bit rates will also be properly 
scanned. 

D. Each MCA may be comiected to 1, 2, 3, or 4 main frame scan points. The more 
main frame scan points arc used, the liiglier the bit rate that can be scanned in the MCA. 

When these requirements are met, Tables 13 and 14 give the maximum bit rates 
which may be scanned with various numbers of main frame scan points, and various 
numbers of MCA scaji points. These tables sliow the bit rates when an MCA is con- 
nected to one, two, tliree, or four main frame scan points. 

In order to obtain the bit rates shown in Tables 15, 16, and 17 the main frame scan 
points to which the MCA is connected cainiot be arbitrarily chosen. In general, certain 
combinations of scan points must be used. Tables 15, 16, and 17 show the proper com- 
bination of scan points for various numbers of MCA scan points and main frame scan 
points. In some cases, more than one combination of scan points will give equivalent 
results. In all cases, tlae starting point of Uie combination has been referred to scan 
point one. This represents an arbitrary reference point. For example, the combination 
1-5-9 is equivalent to 2-6-10, or 5-9-13. 
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CONTROL WORD ASSIGNMENT CHART 





MCA-A 


0. 


00—00 


1. 


00—01 


2. 


00— -10 


3. 


00—11 


4. 


00-— 00 


5. 


00-— 01 


6, 


00—10 


7. 


00—11 


8. 


00—00 


9. 


00—01 


10. 


00—10 


11. 


00—11 


12. 


00—00 


13. 


00—01 


14. 


00—10 


15. 


00—11 


16. 


00—00 


17. 


00—01 


18. 


00—10 


19. 


00—11 


20. 


00—00 


21. 


00—01 


22. 


00—10 


23. 


00—11 


24. 


00—00 


25. 


00—01 


26. 


00—10 


on 

<U 1 • 


AA 1 1 

v/v X J. 


28. 


00—00 


29. 


00—01 


30. 


00—10 


31. 


P.W. 



MCA-B 



MCA-C 



MCA-D 



32. 


00— 


-00 


33. 


01 — 


-01 


34. 


01— 


-10 


35. 


01— 


-11 


36. 


01— 


-00 


37. 


01— 


-01 


38. 


01 — 


-10 


39. 


01 — 


-11 


40. 


01— 


-00 


41. 


01— 


-01 


42. 


01 — 


-10 


43. 


01— 


-11 


44. 


01 — 


-00 


45. 


01— 


-01 


46. 


01— 


-10 


47, 


01 — 


-11 


48. 


01 — 


-00 


49. 


01 — 


-01 


50. 


01— 


-10 


51. 


01— 


-11 


52. 


01 — 


-00 


53. 


01— 


-01 


54, 


01— 


-10 


55, 


01 — 


-11 


56, 


01 — 


-00 


57, 


01— 


-01 


58. 


01 — 


-10 


ft A 


ni 


-11 


60. 


01— 


-00 


61. 


01— 


-01 


62. 


01— 


-10 


63, 


P.W 


• 



64. 


10— 


-00 


65. 


10— 


-01 


66, 


10— 


-10 


67. 


10— 


-11 


68. 


10— 


-00 


69. 


10— 


-01 


70. 


10— 


-10 


71. 


10— 


-11 


72. 


10— 


-00 


73. 


10— 


-01 


74. 


10— 


-10 


75. 


10— 


-11 


76. 


10— 


-00 


77. 


10— 


-01 


78. 


10— 


-10 


79. 


10— 


-11 


80. 


10— 


-00 


81. 


10— 


-01 


82. 


10— 


-10 


83. 


10— 


-11 


84. 


10— 


-00 


85. 


10— 


-01 


86. 


10— 


-10 


87. 


10— 


-11 


88. 


10— 


-00 


89. 


10— 


-01 


90. 


10— 


-10 




-1 r\ 


■1 -• 
■"XX 


92. 


10— 


-00 


93. 


10— 


-01 


94. 


P.W 


» 


95. 


P.W 


m 



96. 


11—00 


97. 


11—01 


98. 


11 10 


99. 


11—11 


100. 


11—00 


101. 


11—01 


102. 


11—10 


103. 


11—11 


104. 


11—00 


105. 


11—01 


106. 


11—10 


107. 


11—11 


108. 


11—00 


109, 


11—01 


110. 


11—10 


111. 


11 11 


112. 


11 00 


113. 


11 01 


114. 


11 10 


115. 


11—11 


116. 


11 00 


117. 


11—01 


118, 


11—10 


119. 


11 — 11 


120. 


11—00 


121. 


11—01 


122. 


11—10 HSA A 3 




xj- XX no/\ Jt\ £, 


124. 


11 00 


125. 


11—01 HSA A 1 


126. 


P.W. 


127. 


P.W. 
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CONTROL WORD ASSIGNMENT CHART 



0. 


MCA 
00 00 


32. 


MCA-B 
01—00 










64. 


10—00 HSA 


96. 


11—00 HSA 




1. 


00—01 


33. 


01—01 


65. 


10—01 


97. 


11—01 




2. 


00—10 


34. 


01—10 


66. 


10—10 B-4 


98. 


11—10 A-1 




3. 
4. 


00—11 
00—00 


35. 
36. 


01—11 
01—00 


67. 


10—11 


99. 


11—11 




68. 


10 00 


100. 


11—00 HSA 


5. 


00—01 


37. 


01—01 


69. 


10—01 


101. 


11—01 




6. 


00—10 


38. 


01—10 


70. 


10 10 


102. 


11—10 A-2 




7. 

8. 


00—11 
00—00 


39. 

40. 


01— -11 
01—00 


71. 

72. 


10—11 
10—00 


103. 


11—11 




104. 


11—00 


9. 


00—01 


41. 


01—01 


73. 


10—01 


105. 


11 01 HSA 




10. 


00—10 


42. 


01 — 10 


74. 


10—10 


106. 


11—10 A-3 




11. 
12. 


00—11 
00—00 


43. 
44. 


01 — 11 
01—00 


75. 
76. 


10— -11 
10—00 


107. 


11—11 




108. 


11—00 


13. 


00—01 


45. 


01—01 


77. 


10—01 


109. 


11—01 




14. 


00—10 


46. 


01 — 10 


78. 


10—10 


110. 


11—10 HSA 




15. 
16. 


00—11 
00—00 


47. 

48. 


01 — 11 
01 — -00 


79. 

80. 


10—11 
10—00 


111. 
112. 


11—11 A-14 




11—00 


17. 


00—01 


49. 


01—01 


81. 


10—01 


113. 


11—01 




18. 


00 10 


50. 


01—10 


82. 


10—10 


114. 


11—10 HSA 




19. 


00—11 
00—00 


51. 
52. 


01—11 
01—00 


83. 
84. 


10—11 
10—00 


115. 
116. 


11—11 B-1 




20. 


11—00 


21. 


00-— 01 


53. 


01—01 


85. 


10—01 


117. 


11—01 




22. 


00—10 


54. 


01 — 10 


86. 


10—10 


118. 


11 10 HSA 




23. 


00—11 
00—00 


55. 
56. 


01—11 
01—00 


87. 
88. 


10 11 

10—00 


119. 


11—11 B-2 




24. 


120. 


11 00 


25. 


00—01 


57. 


01—01 


89. 


10—01 


121. 


11—01 HSA 




26. 


00—10 


58. 


01—10 


90. 


10—10 


122. 


11 10 B-3 




27. 


00—11 
00—00 


59. 
60. 


01—11 
01—00 


91. 
92. 


10 11 


123. 


11 11 




28. 


10—00 


124. 


11—00 




29. 


00—01 


61. 


01—01 


93. 


10—01 125. 


11—01 


30. 


00—10 


62. 


01 — 10 


94. 


P.W. 126. 


P.W. 


31. 


P.W. 


63. 


P.W. 


95. 


P.W. 127. 


P.W. 
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1 
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TABLE 13 
Multiplexor Scanning Capabilities Where a Low Speed Group is Connected to One MF Scan Point 

Number of MF Scan Points 



2 
b/s 



3 

b/s 



4 
b/s 



5 
b/s 



6 
b/s 



7 
b/s 



b/s 



9 

b/s 



10 

b/s 



11 
b/s 



12 
b/s 



13 
b/s 



14 
b/s 



15 
b/s 



16 
b/s 



^^ 






O 

13 
(D 
(D 

a 

Q 
■-i 
O 

o 



o 

3 
cl- 
CO 



11 



13 



15 



17 



19 



21 



23 



25 



27 



29 



All bit rates in this range are 
greater than 200 bits per second. 



188 



175 



193 



177 



164 
153 



171 



190 



187 I 170 



169 ! 153 



174 
155 



154 



157 



136 



140 



129 



128 



181 



160 
143 
130 



196 



170 



182 ' 170 



149 



150 



139 ; 140 



133 i 124 



118 



131 119 



122 111 



102 



118 

109 

101 

94 



110 

101 

94 

87 



103 



81 



116 

105 

96 

88 
82 
76 



indicates invalid combination 



TABLE 14 
Multiplexor Scanning Capabilities Where a Low Speed Group is Connected to Two MF Scan Points 

Number of MF Scan Points 



CO 



o cr 
cn o 



2. cfi 

a 




23 



25 



27 



29 



1 To 11 
b/s 



12 
b/s 



All bit rates in this range 



13 

b/s 



14 
b/s 



15 
b/s 



lan 200 bps. 




193 


193 

177 






i 




188 


188 


1 


164 




175 


175 


153 


153 



indicates invalid combination 



TABLE 15 
Connection Points When an MCA is Connected to Two MF Scan Points 

Number of MF Scan Points 





\h 








f 




■ 






7 ' 




-■- ™I 














l\ 


1 


2 


3 


1 

4 


5 


6 


' 


8 


9 


10 


11 


12 


13 


14 


15 


16 




1 




A 


A 


\ A 


i A 


A 


1,5 


1,5 


1.6 


1,6 


' 1,7 


1.7 


1,8 


1,8 


1,9 


1,9 




3 


- 


A 


- 


A 

1 


i A 


- 


1,6 


1,5 


- 


1,6 


1,8 


- 


1.9 


1,8 


- 


1,9 




5 


- 


A 


A 


i 

i A 

j 


- 


1.4 


1,7 


1,5 


1,8 


- 


1.9 


1,7 


1,10 


1,8 


- 


1,9 1 


"Z 


7 

1 


A 


A 


i A 

j 


. A 


1,4 




1,5 


1,9 


1,6 


1,10 


1,7 


1.11 




1,12 


1,9 ; 


, CD 


9 1 - 

j 


A 


- 


A 


\ A 


- 


1,2 


1,5 


- 


1,6 


1,11 


- 


1,12 


1.8 


- 


1,9 , 

! 


r of MCA 
■ 114 - 


i ; 

11 \ - \ k 

13 - 1 A 

1 1 


A 
A 


A 
A 


\ A 
A 


1.4 

1,4 


1,3 
1,4 


1,5 
1,5 


1,2 
1,3 


1.6 
1,6 


1,2 


1.7 
1,7 


1,13 


1,8 

1,8 


1,14 
1,15 


1,9 j 

! 

1,9 \ 


^ 
g 


15 


- ! A 


- 


A 






1,5 


1,5 


- 


- 


1,3 


_ 


1.2 


1.8 


- 


1,9! 


5" 

Hi 


17 


- 1 * 


A 


A 


A 


1,4 


1.6 


1,5 


1,5 


1,6 


1,4 


1,7 


1.3 


1,8 


1,2 


1 

1,9 


OQ 


19 


i 


A 


A 


A 


A 


1,4 


1,7 


1,5 


1,6 


1,6 


1,5 


1,7 


1,4 


1.8 


1,3 


1,9 




21 


i 
1 


A 


- 


A 


A 


- 


- 


1,5 


- 


1,6 


1,6 




1,5 


-■ 


- 


1.9 




23 - 


A 


A 


A 


A 


1,4 


1,2 


1,5 


1,8 


1,6 


1,7 


1,7 


1,6 


1,8 


1,5 


1,9 




25 


- 


A 


A 


A 


- 


1.4 


1.3 


1,5 


1,9 


- 


1,8 


1,7 


.1,7 


1.8 


- 


1,9 




27 


j 


A 

1 


- 


A 


A 


- 


1,4 


1,5 


- 


1,6 


1,9 




1,8 


1.8 


- 


1.9 

1 




29 


1 ■ 1 

- ; A ! 
1 J. 


A 




A 

• 


1,4 


1,5 


1.5 


1,2 


1,6 


1,10 


1,7 


1,9 


1.8 


1,8 


1,9 



- indicates invalid combination 



A indicates arbitrary connection 



TABLE 16 
Connection Points When an MCA is Connected to Three MF Scan Points 

Number of MF Scan Points 





\h 
































l\ 


12 3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 




1 


A 


A 


A 


A 


1-3-5 


1,4.6 


1,4,7 


1-4-7 


1,4,8 


1.5,9 


1-5-9 


1.6,11 


1,6,11 


1-6-11 




3 




A 






1-2-5 






1-3-7 






1-4-9 






1-5-11 




A 


- 


1-2-3 


1,2,3 


- 


1-2-3 


1,2,3 


- 


1-2-3 


1,2,3 


- 


1-2-3 




5 


A 


A 





A 


1-2-5 


1,2.3 " 


"^1.4,7" 


1-3-5 __ 


1,3,5 


1.5,9 


1-3-5 






1-3-5 




1-2-8 


1,4,7 


- 


1-3-10 














1-2-3 












1-2-3 






1-3-5 




7 


A 


A 


A 


A 


- 


1.4,6 


1,4,7 


1-2-3 


1.2,7 


1.5,9 


1-3-5 


- 


1,6,11 


1-4-7 




9 




A 


A 




1-2-5 


"l.l,V 




1-3-5 






1-5-9 






1-5-11 
1-4-7" 


2: 


- 


1-4-7 


1,4.7 


- 


1-4-7 


1,4,7 


- 


1 


11 


A 


A 


A 


A 


„l-2-3 . 
1-2-3 


T.2.3" 


"1^,7 "" 


1-3-7 






1-2-8 






1-5-11 
1-3-10 j 


cr 

1 (D 


1-4-7 


- 


1.5.9 


1-4-9 


1,2,3 


1.6,11 


' Hi 












1-3-5 






1-3-7 






1-4-7 






1-3-5 


•^ 2, 


13 


A 


A 


A 


A 


1-3-5 


1,2.3 


1.4,7 


1-2-3 


1,4,7 


1.5.9 


- 


1,5,10 


1.6,11 


1-2-3 


1 ^ 



Ts 




A 






1-2-5 






1-3-5 


1,2,7 


— :r- 


1-4-9 


175710 '^ 


_ 


1-3-5 
1-6-11 


> 


A 


1.4,6 


- 


^ 


17 


A 




















1-4-7 






1-5-11 
1-6-11 


§ 


A 


A 


A 


1-2-3 


1.4,6 


1.4,7 


1-2-3 


1,4,7 


1,5,9 


1-3-5 


1,2,3 


1, 6, 11 


:? 


19 


A 


A 


A 


a' 


1-3-5, 

1-2-5 


i,2;3 


■---■■- 


1-3-5 






1-2-8 






1-5-11 


s 


1-4-7 


1.2,3 


1,5,9 


1-3-5 


1,4,7 


1. 6, 11 


1-2-3 


en 












1-2-3 






1-3-7 


1.4,8 


T— 


1-5-9 

1-2-8 


^ 


^ 


1-3-5 
1-3-10 




21 


A 


A 


- 


- 


1,2,3 


- 


1-4-7 




23 


""" " A 


A 


■ - -- 


A 


1-2-5 






_l-3-7 
1-2-3 


1,4,8 




1-2-3 






1-3-5 




1,4,6 


1.4.7 


1,5,9 


1-2-3 


1,4,7 


1, 6, 11 


1-4-7 






A 


A 





A 


1-2-3 
1-2-3 


1,4,6 


1,4,7 


1-3-5 






1-3-5 






1-5-11 




25 


1.2.3 


1.5,9 


1-5-9 


1,2,3 


- ■ 


1-4-7 








A 






1-3-5 












1-4-9 






1-5-11 . 




27 


- 


A 


- 


1-3-5 


1.2,3 


- 


1-2-3 


1.3,5 


- 


1-5-9 


1,5,10 


- 


1-3-10 














1-2-5 






1-3-5 






1-4-9 






1-3-5 




29 


A 


A 


A 


A 


A 


1,2,3 


1,4,7 


1-4-7 
1-3-7 


1.2,7 


1,5,9 


1-2-3 
1-3-5 


1,5,10 


i,6Ui 


1-2-3 
1-3-5 



- indicates invalid combination 



A indicates arbitrary connection 



TABLE 17 
Connection Points When an MCA is Connected to Four MF Scan Points 

















Number of MF Scan Points 












^.H 




























L 'x. 


12 3 4 


5 


6 


7 


8 


9 


10 


11 12 


13 


14 

1-4-8-12 


15 


16 














1-3-5-7 


1,4,7,10 




1-4-7-10 




1 


A 


A 


A 


A 


1,3,5,7 


1-2-4-7 
1-2-5-7 


1,3,5,8 
1,3,6,8 


1,4,7,10 1,4,7,10 


1-2-6-10 
1-3-7-11 


1-5-8-12 
1-3-7-11 


1,5,9,13 


1,5,9,13 




— ■ 











- 




1,2,3,4 


- 


1-3-7-10 
1-2-6-10 


1-3-5-10 








3 


A 


A 


- 


A 


1,3,5,7 


- 


1,2,3,7 


1,3,5,7 


1-2-3-4 


1-3-8-10 


1,4,7,10 


1,5,9,13 


!^ 
















1,2,6,7 




1-2-3-10 


1-3-5-7 




; 


cr 

(13 




















1-2-6-7 








>-i 




























O 














1-2-3-4 






1-3-5-7 


1-2-3-9 




[ 


g 


5 


A 


- 


A 


A 


1,3„5,7 


1-2-5-8 


- 


1,2,5,9 1,4,7,10 


1-2-7-8 


1-2-8-9 


- 


1,5,9,13! 


o 

> 














1-2-4-8 






1-2-4-8 


1-3-7-9 






CO 

o 




















1-3-7-10 
1-3-6-11 




- - - 
















1-2-5-6 


1,2,3,4 






j 


O 

3 

rt- 
CQ 


7 


A 


A 


A 


- 


1,3,5,7 


1-2-4-7 


1,2,3,7 


1,2,3,4 1,4,7.10 


1-3-5-7 


- 


1,3,5,7 


1,5,9,131 














1-2-4-5 


1,2,6,7 




1-2-4-6 




























1-3-4-6 
























1.2.5,8 




1-2-3-4 


1-2-3-9 




i 




9 


A 


A 


— 


A 


1,3,5,7 


— 


1,3.5,8 
1,3,6,8 


1,2,6,7 


1-4-7-10 
1-2-4-7 


1-2-8-9 
1-3-7-9 


- 


1,5,9,131 

1 






















1-3-4-6 






















1-2-5-6 


1,4,7,10 




1-2-7-8 


1-3-5-10 








11 


A 


A 


A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-5 


1,4,7,9 
1,4,6,9 


1,4,7,10 


1-3-6-11 
1-2-7-10 
1-2-6-7 


1-3-8-10 
1-3-5-7 


1,2,3,4 


1,5,9,13 



indicates invalid combination 



A indicates arbitrary connection 






O 



f2 

(71 
O 



O 

5' 



13 



15 



17 



19 



21 



23 



TABLE 17 (Continued 



10 



11 



12 



13 



14 



15 



A A 1,3,5,7 



1-2-3-4 1-2-3-4 
1-2-4-7 1-2-3-7 
1-2-4-8 1-2-6-7 



1,2.6,7 1,4,7,10 



1-4-7-11 
1-4-8-11 
1-3-7-11 



A 1,3,5,7 



1,2,3,4 



1-2-7-8 
1-3-6-11 
1-2-6-9 
1-2-6-7 



1-4-8-12 
1-5-8-12 
1-3-4-11 



A 



A 1,3,5,7 



1-3-5-7 1,2,3,4 
1-2-5-8 1,2,3,7 
1-2-5-7 1,2,6,7 



1,2,5,9 1,4,7,10 



1-2-3-4 
1-4-7-10 
1-4-6-7 
1-3-4-6 



1-3-5-10 
1-3-8-10 
1-3-5-7 



A A 1,3,5,7 



1-3-5-7 
1-2-4-7 
1-2-5-7 



1,2,5,8 
1,3,5,8 
1,3,6,8 



1,3,5,7 1,4,7,10 



1-3-6-11 
1-3-5-7 
1-3-5-6 
1-3-4-6 



1-2-3-9 
1-2-8-9 
1-3-7-9 



1,3,5,7 



1,4,7,10 

1,4,7,9 

1,4,6,9 



1,3,6,9 



1-3-5-7 
1-2-7-8 
1-3-4-10 
1-3-7-10 



A 1,3,5,7 



1-2-3-4 1,2,3,4 
1-2-5-8 1,2,3,7 
1-2-4-8 1,2,6,7 



1,4,7,10 1,4,7,10 



1-2-6-10 
1-2-3-4 
1-2-3-7 
1-2-6-7 



1-2-3-9 
1-2-8-9 
1-3-7-9 



16 



1,2,8,9 1,5,9,13 



1,5,9,13 



1,2,8,9 1-5-4-13 



1,2,3,4 1-5-9-13 



1-5-4-13 



1,3,5,7 1-5-9-13 



- indicates invalid combination 



A indicates arbitrary connection 



TABLE 17 (Continued 



5; 






> 



5' 

f-r 



00 
I 



\h 




























l\ 


12 3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 














1-2-5-6 








1-4-7-10 


1-3-5-10 






25 


A 




A 


A 


1,3,5,7 


1-2-4-7 
1-2-4-5 




1,3,5,7 


1,4,7,10 


1-2-6-10 
1-3-6-10 
1-3-7-10 


1-3-8-10 
1-3-5-7 




1-5-9-13 
















1,2,3,4 






1-4-7-10 


1-4-7-11 






27 


A 


A 




A 


1. 3,5,7 




1,2,3.7 
1,2,6,7 


1,2,5,9 




1-2-6-10 
1-3-7-11 
1-3-7-10 


1-4-8-11 
1-3-7-11 




1-5-9-13 














1-2-5-6 


1.2,5,8 






1-2-6-10 


1-4-8-12 






29 


A 


A 


A 


A 


1,3,5,7 


1-2-5-8 
1-2-4-5 


1,3,5,8 
1,3,6,8 


1.2,3,4 


1,4,7,10 


1-2-3-4 

1-2-3-10 

1-2-6-7 


1-5-8-12 
1-3-4-11 


1,4,8,12 


1-5-9-13 

- 



- indicates invalid combination 



A indicates arbitraty connection 



